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FOREWORD

The OIL coap=ter code described herein is as it existed on

October 26, 1964. The code has been in continuous development

for three years and in its presented form has been applied

successfully by General Atanic to the kind of problems discussed

in this report. However., the development and imprcvement in

both the physics and mathematics of the code are being continued,

so that duplication of results (or even close agreement) between

problems run with the code as published and the code as it .

existed either before or after this time is not necessarily to

be expected.

General Atomic has exercised due care in preparation,, but

does not warrant the merchantability, accuracy, and completeness

of the code or of its description contained herein. The complexity

of this kind of program precludes any guarantee to that effect.

Therefore, any user must make his aom determination of the suita-

bility of the code for any specific use and of the validity of the

information produced by use of the code.
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The OIL code is very closely related to familiar particle-in-cell

codes(l4243) and has been developed lry modification of the General Atomic
particle-in-cell code named SEIL. The basic difference lies in the method

of the mass transport, the OIL scheme being a continuous mass transport,

while the UIL- scheme is discrete. The initial work on a continuous version

of S•LL yas umdertaken several years ago by B. Z. Freemen and the author.

Since early 1963 the development of the continuous ulerian has been continued

by J. M. Walsh and the author.

The author is deeply appreciative of the york and consultation given

by B. Z. Freeman and J. M. Walsh. 2he assistance of D. R. Yates and R. IH.

Fisher in the automatic plotting routines ust. for the OIL code is also

much apprciated.

Since its original use for the hypervelocity impact calculations(4)

the OIL code has been successfully adapted to several other high energy

fluid dynamic applications.

Detailed descriptions of various problem, especially results for

Iypervelocity impact, are given in Bef. 4.

2. CLM

2.1. General Description
CLM is the generator code for the OIL code, and is used to generate

initial values of the variables for each cell in the grid. (An exception

arises for certain simple initial conditions, described in Section 3.2,

where it is possible to bypass CLM and use instead a more economical

routine called SEW.)

The ftnttion of CL is illustrated by a simple exmple (Fig. 1). We
wish to generate the following grid: A right circular cylinder of density
1. g/cm3 , radius 24 cm, and height 22 cm is located at position z = 20 cm

along the axis. A projectile (right cylinder) of density 1. g/cm3, radius

6 cm, and height 12 cm,, is located at positions 8-20 along the axis. The

projectile has an initial Wia velocity of 1 x 106 cu/sec. The cells are

1 cm on a side.
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3.
ICLAN INPUT I

GAS GAMMA 1.#5 RHO TARGET = RHO PELLET =I.
1. 24. 32. 0. 2. 0. 0. 07
0024 1.
1132 1.
2* 3. 80.
11 Ol O, O0 1
4 0 0. 6i so 200

51 1-0 0, 00 O0 00 0.
T'52 Ol 00 0. 0, 00 00

53 .01 0. 0. 00 Ol 00
11 Ol 0. 0. 1.
4 1 0. 24o 20. 32o
53 0. 0. 0. O. 0. 0.
2

GAS GAMMA - 1.5 RHO TARGETs RHO PELLET - 1.

PROB. O0. 10000 1-24 J-30

Xll) 1z0,24
0.0 1.0 2.0 3.0 4.0
5.0 6.0 7.0 8.0 9.0

10.0 11.0 12.0 13.0 14.0
15.0 16.0 17.0 18.0 19.0
20.0 21.0 22.0 23.0 24.0

YiJ) JwO#32
0.0 1.0 2.0 3.0 4.0
5.0 6.0 7.0 8.0 9.0

10.0 11.0 12.0 13.0 14.0
15.0 16.0 17.0 18.0 19.0
20.0 21.0 22.0 23.0 24.0
25.0 26.0 27.0 28.0 29.0
30.0 31. 32.0

OXII) 1-1,24
1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0

100 1.0 1.0 1.! 1t0S100 1*0 too too

- - - - - - - - - - -



OY(J) Jul 32.
1oo 1.0 1.0 too 1.0
1.0 1.0 too too too1.0 1.0 1.0 1.0 1.0 V*

1.0 1.0 1oo 1.0 1.0
1.0 1o0 1o0 1.0 1.0
1o. 1.0 1.0 1o0 1.0
1.0 1.00

AREAI ) Isl#48
3.141593 9.4?4-78 15.707963 21.991149 28.274334

34.557519 4O.84o0705 47.1a3690 53.407076 59.690261
65. *73447 72.256632 78.539817 84o.Z3003 91.106166
97.389374 103,672559 109.955745 116.238930 122.522116

128.805300 135.068486 141.371672 147.654856

PACKAGE NO* I I. PARTICLE /CELL

At A2 A3 A4 A5 A&
DENSITY to 0. 0. 0. 0. 0.
ENERGY 0. 0. 0. 0. 0. 0.
VELOCITY 0.01 0. 0. 0. 0. 0.

RECTANGLE-GENl---- 0. 6. 8. 20.
Ilts- I Jill- 8 1(9I6 7 J("js 21

72 (X)PARTICLES PE=6.785839-02 PMSHo3571613.03

PACKAGE NO. 2 1 PARTICLE /CELL

Al AZ A3 A4 A5 £6
VELOCITY 0. 0. 0. 0. 0. 0.

RECTANGGLE--- GE•-- O. 24. 20. 32.
ll-) I J(1)=20 1I496-24 JitN)-32

288 (XM PARTICLES PE-0. PH -2.171467,o4

THE - 6.785838399-2 E = 6.785839237-2

no. 0 0.X - 2.30718+04 N.* XX a 2.30718+04

PARTICLES - 0 OT 360 X 360 TOTAL

TAPE DUMP AT TIME 0. CYCLE O.
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The 7-or0:znates x(l) s y(") of eaeh cell are calculated fram the
DX'r, and DY's thr.ýý are loaded. in additirn, .be areta term (TM£li) W

S2 •are cale-ji•ued.

The next tte- is to troeez the vacrages (zee Section 2.2); there =v
tur ý."n this exaur!e. Pa.ckmge VNuber (1) Is the vr~oj~ct.lle an Package

SNwabr (2) is the target.

! We sweetly 'Uie cuoo.6jnatez of' each vcackage. In addition, we sweetly

thie nver of voicler per cell in ezar package. Ue assiin a density, the

i uo veloci-ty comrorxnts, and snecific internal energy for Tbe Dacka4ae in

question. "Aberi- may constants or functions of brAh z and r.

After specify•ng the coordinates of the mackage, varticles (1, vhere

may range from 1 to 20) are placed in each cell. Each of the particles

is then assigned a density, the tvo velocity comonents and specific

"internal energy. Tre cell is divided Into 11 equal parts, and the N

particles placed at the center of these areas. The mass of each particle

is then the density (-,rescribed along vith the package input) times the

volume of the small subdivision cell of the cell (K). The mass of cell (K)

then is the sum of the N particle masses, and both momenta cwmponents are

calculated as the sum of the individual monta components of each particle.

Tbh internal energy uf each cell. (K) Is the specific internal energy Times

the varticle mass un--.•d over all N Darticles.

In the outmut roctle these cell cuantities are then converted to the

two velocity comnmen-cs and the specific internal energy.

Particles are created, vhether these data are for an OIL or a SELL

run., for the nurpose of describing the many possible geometries and possible

energf, velocity, and density distributions. If this is an OIL run, the

•,articles are not wrItten on a tape as they voWu be if this were a SHELL

run. Ore continues to v-ocess each cell (K) vithln the given package and

the 5, particles in cell MK).

In this example, it is sufficient to specify only o-& particle per

cell, since the package boundaries coincide with the cell boundaries and

the density, velocities, and internal energy are constant.
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After =rocesslng all packages, one then writes this inforatim about

the grid and the cells on a tape that will be the staxting coniltions for

the OIL or SEM coie (see Section 2.3.)

The output frzm CI, excluding the long print, is shown = the listings

x-, -n-4 - d 4.
2.2. In1t Deecritn for CLAM

CM and OIL are vritten in cylindrical coordinates with axial synmetry.

In the follwIng dIsc-ussion and description, X re-ýers to the coordinate R

"" to the coordinate Z. An asterisk before the word signifies that the

data ame in floating point; oth-rwise they axe fixed point.

Caxd No. Column N. Descriptim

I HeHider card, any BCD infoation in col. 2-72.

2 * 1-10 Contain the 7rdblei number. If less then zero,
this vill be a particle run using SEWL; if
greater then zero, this vill be a contimnous
run sing OIL.

• 11-20 MAX, the number of cells in the X-lirection

(maxil"m of 50.)
• 21-30 DM, the number of cells in the Y-direct- on

( of 100)
* 31-40 Blank

4 1i-50 2

S51-6o S8 (not used as input in C )

* 61-70 59 (not used in CL)

• 71-72 NT (N7 = binary tape number)

3 (2 cards is the mininum)

I A(l) indicates that this is the last Ix or DY
card to be read in. A(O) indicates that there
vill be more DX or YY data cards.

2 A(O) indicates that we are loading DX data

A(1) Indicates Dr data.

3-4 Indicate the nmber of zones that vill have
the sme DX or DY values that appear in
cotu=ms 11-20.

5-6 Indicate the namber of zones that will have
the same DX or DY values that appear in
colum3s 21-30.



C~ard No. CdI3 No. e=#t%

3 Zbambethe umb=of z tjat wiL) lave
thesawIM or Dr val-, hanapari

colmms 31--50.

* 21-20 The va~e of XI or Dy

* 21-30 7hvoTDfm fIf r DY

* 31-W 20 va~meof IMor DY

~,a~.6estaws 't be used s 2;t in MM nd ne b

121-L (12 tz2es otbetape nod Peri forl te zceatcad
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Following the first card of each package are five other types of cards:

(1) Generate (gecmetry of package)

(2) Delete card (if needed); there may be more than one

(3) A density card (only one per package)

(4) An energy card (only one per package)

(5) A velocity card (only one per package)

For card (1) above, CLAM has the following gecmetric options for generating

or deleting:

1. A rectangle - a 4 in column 1

a (1) in column 7 means generate this rectangle

a (0) in column 7 means delete this rectangle

* 11-20 X1 = the left R coordinate of the rectangle

* 21-30 X2 = the right R coordinate of the rectangle

* 31-40 Y1 = the lower Z coordinate of the rectangle

* 41-50 Y2 = the upper Z coordinate of the rectangle

2. A triangle- a 6 in column 1

a (1) in column 7 means generate this triangle

a (0) in column 7 means delete this triangle.

* 11-20 Xl)

* 21-30 Yl)

* 31-40 X2)°~Note: Vertices (1-3) can be in any order

* 41-5o Y2)
* 51-6o x3)

* 61-7o Y3)

3. An ellipse or circle - a 41 in column (1-2)

a (1) in column 7 means generate this

ellipse or circle

a (0) in column 7 means delete this ellipse

cr circle
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* ii-20 The semi-axis in the X-direction if an ellipse or tL.

the radii if for a circle

* 21-30 The semi-axis in the Y-direction if an ellipse or

zero if for a circle
* 31-40 The X-coordinate of the center of ellipse or circle

* 41-50 The Y-coordinate of the center of ellipse or circle.

4. A perturbed ellipse - a 61 in columns (1-2)

a (1) in column 7 means generate this perturbed

ellipse.

a (0) in column 7 means delete this perturbed

ellipse.

* 11-20 Semi-axis in the X-direction
* 21-30 Semi-axis in the Y-direction

* 31-4o o.
* 41-50 Y-coordinate of center of perturbed ellipse

* 51-60 X-coordinate of point of perturbation

* 61-70 Y-coordinate of point of perturbation.

Following the gecmetry cards are the following:

Density card - a 51 in columns (1-2)

Energy card - a 52 in columns (1-2)

Velocity card - a 53 in columns (1-2)

Note: If in this package, the p or I or velocity will remain the

same at the previous package, then a 54, 52 or 53 card is. aot required.

* 11-20)

* 21-30)

* 31"40l-Contains the values to be used in the analytical
* 41-50) expressions for the density, energy, and velocities.

* 51-6o)
* 61-7o)

This data is then loaded into the following arrays:

TABR(1- 6 ) for density
TABi(1-6) for internal energy

TA•uv(1-6) for velocity
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Finally, a 2 in column 1 signifies the completion of loading all input cards

for the CLAM code.

There are six subroutines (FITI - FIT6) used for computing p, I, U, and

V. The standard input to these subroutines is as follows:

TY = Y coordinate of particle N

TX = X coordinate of particle N

The modified coordinates TTY and TEX are computed as follows:

TTY = Y coordinate = TY - YC (relative to YC)

TTX = Y coordinate = TX - XC (relative to XC)

The standard output from the subroutines is as follows:

WSR = p (density) of particle N

WSi = I (specific internal energy) of particle N

WS- U (radial velocity component) of particle N

WSV = V (axial velocity component) of particle N.

Below are the equations, or analytical fits, for the six subroutines.

Any or all may be changed. Each equation is followed by the FORTRAN mnemonic.

1. FIT 1

R = (x2 +

WS = (TTX2 + TTy.)-f

p = A+ B (Y - C)

WSR = TABR(l) + TABR(2) * (TTY - TABR(3))

I = A + B (Y-C)

IfSi = TABi(l) + TABi(2) * (TTY - TABi(3))

U=O

WSU= 0

V =A + B (Y - C)

WSV = TAWV(l) + TABUV(2) * (TTY TABV(3))

2. MIT2

R = (X2 +

WS = (TTX2 + TTy2)j

X-A 2 Y-C)2
P w (-B +
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wm . (T(..,-.,l.)2 + TTY - TAM(2)12

I - A + EX +C + D +

WSi - TABi(l) + TABi(2) * wrX + TA•i(3) * ws2

(+D Ai(4) * TT, + TAi(5) * TT?

WSU TA UV () + TAWV(I)) * T+Y

V .Aw~, + B ~ t * Y~

WSB - ABUV~.z) + ci&..UV(2 *T

Rs +

Ws -( , 2 + arTier

p - A + BR + CR2

WOR - TABR(l) + TABR(2) * WS + TABRO() * WS2

I a A + BR + CR2

WSi. - TABi{I) + TABi(2) * WS + TABi(3) * S

uw A (A + SR + C 2

R D + ER + FRI?

=S Tin (LAMM 1) + TAHJV(2) * WS + TAHJV(3) * W
WS TAHJV(l&) + TA3JV(5) * ws + TmANJ(6) * w

V X (A +LM +CR)R D+ER+wR

WSV M (TABUV(l) + TABUV(2) * WS + TAWV(3) * )
STAHJV(l) + TAHWV(5) * wB + TANJV(6) * e1

Fits 4, 5, and 6 are dUnuY routines. Although particles are not used in
the SHELL code if it is a continuous run (problem number greater than zero),

the use of particles in CLAM provides the method for assigning mass, energy,

to each cell.
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2.3. (UTB71 FRCK CLAM

The output from the CLAM code is the entire Z block (defined below),

all the cell quantities (the two velocity componentfs, the mass and internal

energy), and the cell dimensions and areas. In the case where it is a

particle rm, the particles (their two coordinates and mass) and the i x! .;

of thed;'cell: ubp.o-r tha par-,>x',ýe '. _ocat•d are al'_,i, ut onto the ;• '.

The normal system of units are the centimeter-gram-shake, where the

units of energy are Jerks/e and the pressure in units of jerks/cm3 (1 jerk

1016 er and 1 shake = sec).

The Z block or array contains the number of cells, the number of zones

in both directions, and other necessary information to start the OIL or

SHELL calculation. Below is a complete list of generated data from CLAM

that is written on the binary output tape.

z 1 . Units Description
1 PROB -- Equals problem number, input to CLAM

2 Cycle -- Equals cycle number = 0

3 DT shake Set to o by CLAM

4 Prints --

5 Print-L --

6 DUMPT 7
7 C Stop --

8 PIDY -- Equals it = 3.1415927
9 "4Z grams Total mass (x) generated by CLAM

10 GM -- Set to 0 by CLAM

11 GAMD -- Set to 0 by CLAM

12 GAMX -- Set to 0 by CIM
13 ETH jerk Total energy in system
14 FFA -- Set to 0 by CLAM

15 FF3 -- Set to 0 by CLM

16 T=DZ grams Total mass (.) generated by CLAM; this

version of CLAM does not generate (.)

17 TM grams Total mass (x) generated.by CLAM

18 XMW am iMx
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19 * cm w2 AM
20 TDMX cm - 2. Y MAX (note Y MUX is not in 7, block)
21 AMDM graMs a MinimuM MO/2. 'of the dot particles
2 AM grMns -minimum mass/2, of the X particles

23 DI-- Set to 0. by CLAM

24 MI-- Set to 0. by CLd

25 -- Set to O. by CLA

26 A S- set to 0. by CLAK
27 MVIS Set to 0. by CLAN

28 R-- Set equsl to 6 in CLM

29 NI -- CLAM sets NPRi N (check definition of

N4(Z(54))

30 NC Fixed value of cycle number, set to 0.
by CL4!

31 NPC -- Used as indices in CLAM

32 NRC -- Used as indices in CLAM

33 IMAX -- Input to CLAM = maximum number of zones in

X direction for this run
34 Man -- Fqual IMn + 1

35 • -- Input to CLA14 = mtis number of zones in Y
direction for this run

36 JMX -- : M~ + 1
37 MM -- =(W•)(UA) + i
38 MaA - = KMAX + 1

39 N1-- = total number of particles + 1 that CL41

4o N•D = total number of dot particles + 1 that

= CLAM bas generaed

41 x- Set to O. by CLAM.

42 immiMXA+X

43 NOD Used as index
44 NOPR Set equal to N3 (Note definitiL of N3 (Z(53))

45 NiMAX Set to 0. by CLAM
46 NMAX Set to 0. by CLA

_=I
Vt _ _ _ _ _ _ _ __- - - -,-
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Z EUi. Units Description

47 11 Set to 0. by CLAM
48 i2 Set to 0. by CLA4

49 £3 Set to 0. by CLAM
50 14j Set zo O. by CLAM

51 NI -- = scratch tape number

52 N2 -- = scratch tape number

53 N3 -- = number of particle records of length r.:
that CLAM has generated

54 N4 = nu;mber of particles + J. to be stored on

each particle tape record
55 N5 - Set to G. by CLM

56 N6 -- = number of particles on the last particle

tape re'zrd $

57 N7 = binarj tape designation number
58 N8 Set to O. ',y CLAM

59 N9
6o NlO

61 Nil

62 NW

.63 TRAD
64 xNRG

65 SN

*66 DxN

67 RADER

68 RaET

69 R•EB

70 IYIRA
71 REZFCT

72 RSTOP

73 SHELL A counter that may be used to distinguish

between codes

74 BBOUND Set to O. by CLA14

75 TOZMME Set to O. by CLAM
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Egiy. -nt Descriijtion

76 zcx Set to 0. by CLM

77 SEOU
78 X

79 X2
80 Y1

81 Y2

82 CAMEN

83 vISC

8 T
85 an
86 WSGD

87 WSGX

88 GMAR

89 am

90 Sl

91 82
92 S3
93 s4

95 s6
96 167
97 88 Used for storage of FIT number for each

package in CLM

98 89 Set to 0. by CL.K

99 slo Set to o. by CLAM

Z(100) through Z(15O) is also set to 0. by CLAM.
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3. 0OL

3.1. The Buleriin equations we wish to solve are the following:

(A) PAV . - 0

(B) (pu -VPat

atE
(C) - .÷ (pNt) = -7. (pi)

Equation (A) is the conservation of mass equation, (B) is the conservation

of zentum, and (C) is the conservation of energy equation.

The second terms on the left side of Eqs. (B) and (C) are temporarily

dropped. Their contributions are later approximated when we move particles
or continuous mass across cell boundaries.

Rewriting equations (A), (B), and (C) in cylindrical coordinates with

axis of sy•metry results in Eqs. (1), (2), (3), and (4).

=v •~Pv
at rar 3z

N zP (2)

av BP(3)

=-arpu a~v (4)
at rar az

P = f(p,I) Equation of state (5)

p - density of cell (K) in g/cm3

r = r coordinate in cm.

z = z coordinate in cm.

u = radial component of velocity in e=/shake
v - axial component of velocity in cm/'hake

P - material pressure in jerks/cm3

E = total specific energy in jerks/g

I = specific internal energy in jerks/g

16(1 jerk: 10 ergs)
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. e five variables listed are all located at the center of the cell

(Fig.2 ). For complete description of all quantities used, see Section 3.4

on List of Coamon for OIL."

Revriting Eq. (4):

a~tI+ ~ ~ ) rar az

or
PM+pub+ Pav P aur raop a Pa

at a t r r rar az az

but
a ampP and a r = p

thus

Revriting the momentum equations as

g2 2
at ar at r

the radial momentum equation becomes in difference form

p _1 = [Pi-3/2.J--4 P+j,j-j3
a u ) - ..•,..3 ,--' e4(j)
ft i ,_4 r,4 2(r)

and the axial m entum equation becomes

$

ataei 2) - i3J
P v IPJ-31,/2ij-" P!+i,•-

at AZ

and the change in specific internal energy becomes

n44 -LI n4j
u 4,_j-. , , i-.312 ui-3 /9p

- - P -2~ ~J4 i ?_ + r.1,
at " L 2A(j) -6(r,) 2

Defining the velocity on the right-hand side of the momentum equations

at time n4 mosults in
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I IS THE RIGHT BOUNDARY

AND j IS THE TOP BOUNDARY OF THE CELL

i~l

YIj) • 'aY (j)
j-I

JMAX

K AY(j)

<AX (I1)

0 i MAX

THE AREA OF CELL (i, j) IN THE i

DIRECTION 2 2w X(i) AY(j)

THE AREA OF CELL (i,j) IN THE j

DIRECTION s v ( X-2-2

K IS DEFINED AS (j-I ) iMAX + i +I, AND IS THE INDEX

FOR CELL QUANTITIES

Fig. 2
/



19

n+ !1 2 n 2 ET31,J (p 1 i-4

-(U (uij4, 4 3 2rj. j u 4 j AJr

and

____n+112 n 2 n EPA- 3L 2 ,i-i - "+-L
~~~~~~~~U I(j,4 J Y. 4 Y~4

L At - -i - r13/24

n- - J- -rf'I. L~f~~ n+ rj r,_jj ui +*La

* Defining:

~ = 2.

n 2.

1 2.

Equation (2), the'radial momnentumn equation., becomes

11+1 il 2,&t r (pipR'ff
U(k) - (k) i-* Oyi) AMX(k)

where

PP= (k) (cell to the left)
2.

Ip+
pUn= (k) (1cefl to the rIght)

2.
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Equation (3), the axial momentum equation, becomes

V(k) - V(k) = -5 Irl " ri-1) AMX(k)

where

( (k) .(cll V elow)
BLO 2.

p n ý(k) (cell above)rABOVE 2.S2.

The energy equation (4) becomes

Kn+1  = +At VBLon+l -
(k) (k) AX(k) L- 2. )x

( r !._ I 2 ) + [DY(j)] n - U We - URin+I)

where

VBO= vk) +v(eii bbelorw)
2.

V4BOVE = ak) ' v(cell above)
2.

u RC +u )RL
() (_cell on the left)UL = 2

Up; u R)C.+ U(cei U c the i gtR
2.

vhere

RC = ri+

(IIRR = r 44•)

RL = r(i13/ 2 )

j1
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The above equations conserve energy exactly, despite finite difference

approximations. However, an adJustmenat at transmittive boundaries of the

i ...... a MA116 izs a work teim, which is also taken into account

in ETH (the total energy of the system..) For the transmittive boundaries,

the pressurs gradient is zero and the velocity at the boundary interface is

set equal to the velocity of the cell adjacent to the boundary.

The term subtracted from ETh for the boundary at the right is

P(k) + P(cell to the left) ,tDY
2. U(k

and the top is

P(k) + P(cell below) (2 2
2. v(k) -

and the bottom, if transmittive, is

P(k) + P(cell above) 2 2
2. v(k) -(ri ri-l)At('5)

and is added to ETH. K (in the above equations) refers to the border cell.

The velocity terms in the energy equaticn for those cells at the

transmittive boundaries are, at the right = U(k)ri.* and the top =

Rewriting Eq. (1), the mass transport aquation in finite difference

form results in

n+l n
P (k) - P ( ,k) _ L r i11  ri U 1' p1  + J (6)

where

AZ (k) (k)

0 A

where AZ for all 3 T 2 2
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and

V(k) = volume of cell k =2n ri.j Ari Az(.) (7)

multiply both sides of Eq. (7) by r, results in

V(k) ri = 2 rri AZ rij Ari

or

V(k) ri = Aý ri- r (8)

where A = area in the direction perpendicular to the Z axis.

And similarly, multiplying Eq. (7) by ri-1 results in

V(k) ri_I 2:nriI AZj ri_j Ari

or (9)
r

V(k) ri-i Ai.1 ri-j Ari

Solving Eqs. (8) and (9) for ri.j Ari ani substituting their values into

Eq. (6) results in

n+1 n
P~k). "D(k) 1 zrr

at = V~k) (1ý_1 pj_ivj~l- IAj pj vj + Ai-l Pi-1 u-_" AiPiUi)

or rewriting in terms of mass,

-e+ Atek = At[(Av)z p _ (Av4z p + (AU)r p _ (Au)r p,

where AMX = mass of cell k in grams and (Av) = area times a velocity (the
velocity is a function of the velocity of the two cells in question.) B
refers to the bottom, T to the top, L to the left, and R to the right of

cell k. The p used is the p frcm the cell from which the flux is coming.

Various techniques for velocity weighting in the mass flux have been
tried. Resu1ts from these trials are presented in Figs. 5 and 6. The
scheme presently being used is as follows. Take the r direction as an

example:

I ______
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k k+l

II

The mass to move across i is between i and ii where A = i - ii; thus

A = Zt where ' is the veighted velocity at A. Using the first two terms of

the Taylor series at a distance of -A from i, we expand

Uui) + 2.

or
U(k) + u(k+l) + (-A) (u(k+l) - u(k))

u ~ 2. +

or

A -2.At U(U(k÷l) u()a
Ax

if >uO, use P(k) ; if u < O, use P(k+l) in the mass flux calculation.

Mass, both components of mcmentum, and the energy across all four

sides of the cell are calculated. By conserving both axial and radial

momentum and the total energy, the new velocities are calculated and the

new internal energy is then the difference between the total and the kinetic.

A look ahead, two cells in both directions, is done to remove preferen-

tial mazs transport because of the initial choice of indexing in the

r direction first. Take the example where the flux out of the top and right

are such that their sum woul!d remove more than the mass in the cell. The

code would then assign new fluxes such that the top flux would be its

fraction of the total flux out times the mass of the cell, and the right

flux would be its fraction of the total flux out times the mass of the cell.
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To treat a free surface in the continuous Eulerian scheme, we have

chosen to use a density cutoff to limit the mass from flowing through N

zones in N time steps. If the mass flow across the free surface results

in a density which is less than an input number (- 10-3 pO) the flux is

held back. To cut the small precursor ahet . of the shock front, the

velocities are checked against 10- 8 cm/sh; if they are smaller than this,

they are set to zero.

To ensure that the bottom cells in the projectile will empty as the
projectile moves up, a scheme using the p and v kron the cell above is used

to calculate the flux. This is continued until the initial velocity of the

bottom cell of the projectile begins to change because of the shock. After

this point is reached, no special procedure is used for the bottom cells

of the projectile.

Boundary Conditions

These cells adjacent to the axis of symmetry (r = O) have the following

boundary conditions; the pressure on the left side of the cell is equal to

the pressure of the first cell, and the velocity at the left is set to zero.

The pressure at the right interface of a cell whose right neighbor is void

is zero, and the velocity is that of the occupied cell; similarly for the

case of a void cell above.

The pressure and velocity at a transmittive boundary are the following.

The pressure at the boundary is set equal to the pressure at the left or

bottom boundary respectively for a right and top transmittive boundary (no

acceleration of the border cells) while the velocity is set equal to the

border cell velocity.

The top and right boundary of the grid is transmittive; the bottom

boundary may be either transmittive or reflective, where the same boundary

conditions then will exist as for the top or right and the axis of symmetry.

Two passes are used to solve the change in internal energy due to the

work terms. The first pass through, one calculates the new velocities at

time (n+l) and simultaneously, the velocities at the interfaces at time (n).

The time (n) interface velocities are also used to evaluate the internal

energy contributions due to terms involving these velocities (see Eq. 4.)
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In a second pass the tinie (n+l) interface velocities are calculated and the
Essociated contributions to the internal energies are canpited. (A look-
--e.d tWV u cells in bctn directions would enable one to use only
cue pass.)

An option exists for correcting negative internal energies if they arise
in phase .1. The cell where the maximum negative internal energy occurred is
recorded; assuming the rate of change of internal energy with time is
essentiall- constant, we calculate a smaller time step, such that the new
internal energy will be positive. We complete the entire cycle, to time
(n+l), now set the time step negative, integrate backward to time (n), and
now forward with the new smaller At to a revised time (n+l).

Time Control for Code

The time control for the continuous Eulerian is the same as for the
particle in cell scheme, with the exception of the r direction. In the
z direction:

Amz = pVAAt Assume V = v(k)

p = p(k)

Am = AMx(k)

Then

A k(k) 2 2AMX(k) 2 2[~) r~.)YJv(k)vCr•!)" r~i.1)]At

n~r(i) - r(il1)3DY(i) i) rl)t

- AMx(k)v(k) --A
orr~

or Iv(k) At I DI(j) such that the flux in the z direction will not empty
the cell.

In the r direction, the stability is as follows.

AmR= pAAt Assume ArR = AMx(k)
u = u(k)
p = p(k)
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Then
^•.,.t•\AMxWk

M.... , 2-(ri.) u(k)2vr(i)DY(J)At

AMx(k)u(k) W. Atr(i)r(ii)ri) t

or •

u¢k) At • TAU (i)
- r(i) - 2nr(

C = speed of sound, defined as / yP-/p for a polytropic form of the equation

of state and (OP/P) for a real equation of state. Provisions exist for

calling either one.

The time control (At) conditions are the Courant condition and that

the maximum [I UI arid L-1]< L
Three options for time control are:

1. Code will control the At, calculated fran the Courant and particle

velocity scheme, but at a fraction of stability.

2. The At loaded at t = 0 will remain constant, provided option for

integrating backlard in time to remove negative Internal energies

from phase 1 is n2ot operating.

3. Code will control the At, decreasing At if

or v

exceeds FFA (an input number), and increasing At if it is less than

FFB (an input number.)

The stability check is omitted for a cell if the density of that cell

is less than some input number. This prevents isolated debris of high

velocity and small masses from controlling the the time step.

i1
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C2orer C9 lins

The question investigated here is the correctness of the mass tr-n-nwmw
which is done neglecting corner coupling. Below is an example of the com-
parison with a PIC-like transport:

Assume u = v for all four cells and

2 3 Ax or Air
2

Where pbxld in the PIC scheme locatedin the shaded area will cross into zone 3

1 4 in one time step, the OIL code requires
two time steps for mass to move into
zone 3, first by the path of zone 1 to

2 or 4, and finally to zone 3.

In the case of very small time steps, it is seen that the above approxi-
mation is unimportant. We have chosen to run most of our problems at .5
stability. Further, fron early test runs of an impact calculation, results
did not change appreciably as the factor was varied from one-fourth to one-
half to nine-tenths of stability.

The PIC Transport

The changes required to change from a continuous mass transport to the
particle transport are:

1. The problem number must be negative.
2. The transport and rezone subroutines must be replace& with those

for PIC transport.

Following is a brief discussion of the particle (PIC) transport characterizing
SHELL. Two scratch tapes are required for the particles. 141M U ads in
particle records fran one tape, processes the particles updot• ag the
coordinates, writes them out on the other tape, and interchanges tape

numbers.

Five variables are associated with each particle; the mass (AM), the r
coordinate (XL), and Z coordinate (YL), the i-coordinate of the cell where
the particle lies (iwl), and the J-coordinate of the cell where the particle
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lies (iw2). Thus, one computes the cell number where the particle is by

k - (J-I)*iM.AX + i + 1.

The particles are moved with an area weighted velocity, which is
basically a cell placed with the particle at the center. The overlay of

this cell on the four cells in question times the velocity of that cell is

summed for the four cell& and then the weighted velocity is calculated by

dividing through by the total area.

Example: For particle N the u com-

ponent of velocity used to move the

- - -particle is
S~4

2 31
__ _ _E Aiui

11 * f! i=l4, •
N I

E Ai
i=l

k .k and the v ocmponent is

4
E Aivi

SiJ=l
E Avi=J.

The particle is then moved with the area weighted velocities. If the

particles does not leave the cell (k), no additiontzl calculations are needed;

process the next particle. If the particle leaved ce Xl (k), it carries with

it a mass, momentum, and internal energy.

By conserving momentum and total energy, one T!han changes the quantities

in the new cell. No changes except removing the porticle mass from the mas.t

of cell (k) are necessary for updating cell (k).

M
(K) (L.)

1

Example: Particle N moves from cell (k) to cell (L). Conserving both

axial and radial mcmentum:
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andr ~ (V 2)v = M2V2 + Mvlvi
whel~t-J1.ým bove signifies the updated variable. Thus,

"=V2+ mull

"2M2
= M2  mv___

M2 M2

However, M2 is not available at; this stage (since Mý has replaced N);thv
substitute M• = -m results in u=. (ull" u.) + u2 ; simdlarly for the v

subtiut M2 M2k
component. Note that ull and vll are M2 set equal to u1 and v unless

there has been an elastic bounce off a reflective boundary (requiring the

velocities to change sign to conserve momentum); then ull and vll are set

to -u1 and - vI.

To calculate the new internal energy in cell (2) requires that we

conserve total energy and mcnentum, resulting in the expression:

2 2 2
MIII+ -2MI (u+ v2) + M2 12 + M (u2 +v2 ) v

2 2.2 .•2

(m- m)I1 + (M1 - m)(ul + vj) + (12 + m)12 + i(M + m)(u2+°€2

Solving for 21 =

S2 2 2 2 -2 V
mI 1 + tm(u 1 + vl) + M22+ *Vu 2( + v2) _ +ý(u

Sub[tituting the new 'values for and :2 from conservinr P'mentum results

in

ýI + , uI, - u) 2 + (vj 1 - v2 ) 2  (-
12 = ý2 + 1~ 2.
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Thus, after each particle is moved, the two cells involved are updated.

Ute-1r X pazaie 3e _ h- "uv - pru eb1, h Pae iclea, vwith their new

ecordimnates and i and j value of the new cell location, are then written on

another tape, which will become the starting conditions for the next transport

cycle. An option exists to call rezone if particles leave the top or the

right of the grid.

Ire movemsnt of mass s.:s:; tht. (ell boundarler-& give rise to force

wrh31::t 4.:ý eie.;tive in rsi'.t...., thst arise from the differencing

Lechnqeref i) _ir-s 1, c-1 th hc. :ftre" viac oty, being propor-

ticr±Li to the vi.-city gr- !en-. : v-sclty 1! pre;erit at al.l times,

roth u. ::ipresAion. ari c. ., 4dditionaL -that iz, a controllable)

artm:4f4_ial visc•-r.ity i , pr. •:. in Ži. ,,• ."n of oil.

es/Gabe OOP'
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"3.2. Special Subroutines,

The RMCtiE routine for the particle transport is different from that

required for the contimuous mass transport version. If matezrial leaves the

grid out of the right or top, a trigger is set to call REZOM.

The REZONE multiplies all dimensions by two, so that four old cells

become one in the new grid.- The total number of cells remains the same,

and the target is doubled In depth and width by adding mass at the sides

and back surface. This scheme does conserve total energy, and by conserving

momentum, also, new velocities and internal energy are calculated. This

will cause the total internal energy of the system to rise slightly.

For the particle-rezone, it is not necessary to multiply all dimensions

by two, but rather change the Ax's and Ay's by any prescribed amount. One

adds new material with the same density, internal energy, and velocity

distributions as are available in CLAM. The number of particles per cell

to add is also an input number. For a more complete description, see

Reference 3.

A subrout•ne SLYUP is available to generate the initial grid (bypasses

the generator code CLAM) if toth the target and projectile are of the same

density. The projectile must be a right circular cylinder. This routine

assumes that all Ax's are the same and all Ay's are the same. An psterisk

before the symbol implies it is floating point.

SYMBOL LOCATI(C DESCRIPTION

"* Z(lll) 11 Initial density g/cm3

"* Z(112) 112 Initial pellet velocity cm/sh.

"* DX(1) 7845 Ax *.n cm
"* DY(l) 7897 Ay in cm

iMAX 33 Maximum number of zones in the r
direction

JMAX 35 Maximum number of zones in the z
direction

il i. ie Alt. u' ..ae xaaius. ox Lite

i2 48 The j value of the top of projectile +2
"* PROB 1 Any positive number for the problem

"• BK(3) 237 Must be a posi,.tive number
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"* PK(4) 238 Set = 1

"* PK(5) 239 Right boundary (i) of projectile

"* PK(6) 240 Bottom (J)+l of projectile

"* PK(7') 241 Top (j) of projectile

"* PK(8) 242 Set = I

"* TJ(9) 243 Right (i) boundary of target

"* 'K(O) 244 Bottom (J)+l of target

"* PCK(l) 245 Top (j) of target

Ard the usual input data to start OIL code from a CLAM tape.

Ak- Example of Input for OIL Using the Subroutine SETUP.

COIL INPUT)
GAS GAMMA= 1.5 RHO TARGET RHO PELLET -1.

1 235314 1 Do
112~1 .01

11111 I
75111 -3

138,21. -2.5

2-181A. 0 0. X0 4e. 1.
245:132. I
33 124o

2 35132.
?8~45 1*.
789711.

27 1 1.
82 1.
65 -1.
7 Io
14 0
241. -5.
86 1.5 1:5

S11LT. -2

140 . 6. 6o1 72 4i •

This will make a binary tape that is equivalent to that made by the example in CLAM

(see Section 2..; .see Section 5,2 for format for CARDS subroutine.

'; .
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3.3. Logic of OIL

The logic involved in following a given cell (K) from time t to t+At,

or fram cycle n to n+l.

k. = (J-l)iMAX-.i+ 1kA

TAU(i) = 2 2x~i)):X =, x(i) - 1

k-1 k AY(j) k+l

kB

_______ -__ (i) -- __ __ _

Fig. 3

1. C]M2 Routine
Here one calculates the pressure (P) for cell (k) where P(k) =

f[where P k) = AMi kD . The speed of scaad (yP/p)1 or

(2P/p)) is then calculated and the Courant condition for stability, that
CAt 1 -r and the particle velocity criteria that the

min (Ux or Ay) 1m ax [IU and Iv 1] < 1 are calculated. From

these stability checks a new At is calculated or At remains the s-me (see
options under description "- common for OIL, symbol CABLN.) The cycle
numnber and the time are now advanced. (A radiation time step is also

calculated, although radiaticn is not being used in this version of the
code.)

2. EDIT Routine

Tlhe OIL code has four zeparate editing-like routines all included
in the rcutine called EDIT. A section called short print displays the time,
cycle number, the total internal anR kinetic energy and total mass, and
various other integral quantities such as momenta , and masb =n various
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angles (see Sect. 3.4.) A plot routine is also available in the EDIT routine

which places an (x) (in an equal cell size grid, corresponding to the actual

grid in OIL) if there is any mass in the cell; thus it is a display of mass

movement from time to time. A long print routine may also be called for

that edits on each page a column from the OIL grid which contains the

coordinates of the column, and the cell quantities as a function of the

row coordinates (see column identification in Sect. 5.2 FORTRAN listing of

EDIT.)

The last opticn is a dump routine which dumps all necessary d"ta for

restarting the problem. This data may also be u~ed for the automatic plotting

routines.

Various iaput numbers (see Sect. 3.4) specify the frequency that these

routines will be called for, and an input number specifying a cycle number

to stop.

In the followine discussion, please refer to Fig. 3.

3. PHI Routine

Here we integrate the tio momentum equations and the change in

internal energy due to the work terms. No material is moved at this time,

and the transport terms are dropped. Using the new pressures and the time

step which were computed in CDT, we now prepare to integrate the equations.

PL(J), the pressure at interface (i-l) and uL(j), the velocity at

interface (i-1) are available from the previous column sweep on i-l.

PL(j) = P(k) + P(k-l)'
2.

uL(j) r-3/2  )+

The PBLO term, which woa the PABOVE for cell (1;B) and VBLO, VABOVE for cell
kB, is also available fcr interface *-l.

PlLO "Ppk) + P(kBy
2.

VBLO = v(ky + v(kBý'
2.
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Now we calculate terms at interface i and J:

- P(k+l) + P(k) M = ri u(k) +r& 4 Ujk+1)n

2. 2.

!ABQ + P(k) VABOM = - k) .+ v(h-ý)

PAO22. 2.

Now we can integrate the tvo momentum equations

or
n + l n + ( P L t • \ ' -

=T~ U~) + M~k 2rij4 nAtDx(j)

and
C8v aP

or

n+ n~k + (PBLO*-PABOVEj 7t~r 2 r2)SV(k) = k)+ - (k-) '(ri" -r-)a

Now one can add the work term due to velocities at cycle N to the

change in internal energy.

P+k) n) t

In n

+ (VleL -VABOVn 2 ' 2 At2.

•I •v i •ur
.=- ~ p = . p (8v + 1 -

Now we make one more pass through the grid, this time omitting the momentum

equations but calculating the velocity terms at the interface, where again

we only have to calcuacte the data at interface i and J:
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n+l n+l n+ 1 n+l
r!- 3 / 2  (k-1) U(k) VEk) + =

UcJ " 2. 2.

n+l n+l n+l n+l
r ri- U(k) + riA U(k+l) V.k) + V(kB)

R 2. wLo 2.

and then add to ) the work terms due to velocities at cycle n+l.

n+1 n4 W' n+l uRn+l

(k) I i(k) + M( u)L(j)

+ ( 2VBnl - VABOVEl) 1(r 2 r 2_ 9tt... . 2.- ( i -r !)t

The specific internal energy is checked during both passes for negative

values. If a negative value is found, we assume dI/dt is constant over the

time step, and recompute a new At (not placing it in the At storage) that

will prevent I frcm going negative. After the completion of integrating

all values to cycle n+l, an option exists for removing these negative

energies. If one selects the option, At is set equal to -At, the code

integrates backward two passes to cycle n, then replacing At with the new,

smaller At and now forward in time with two passes using the smaller At.

4. PH2 Routine

Here we move the mass and approximate the transport terms in the momentum

and energy equations that were omitted in Phase 1.

kAp

z GAMC( IV --
k-K k+l Fig. 4k-1~

kB



37

A4P = mass flow across the right bcundary

AMUR = radial momenta across the right boundary

AMVR = axial momenta across the right boundary

DELER = total specific energy across the right boundary

AM. = mass flow across the bottom boundary

AMMU = radial momenta across the bottom boundary

AMV = axial momenta across the bottom boundary

DEIEB total specific energy across the bottom boundary

GAMC(J) mass flow across the left boundary

FLEFT(J) radial momenta across the left boundary

YAMC(J)-- axial momenta across the left boundary

SIGC(J).e total specific energy across the left boundary

AMPY - mass flow across the top boundary

AMt1T = radial momenta across the top boundary

AMVT = axial momenta across the top boundary

DELFT total specific energy across the top boundary

Again, following a typical cell k (Fig. 4) the masses, the momentas,

and the energies are now available at the left and bottom boundaries of

cell (k) from the previous column sweep and the cell below.

Now, begin by calculating the mass flow at the top of cell (k).

S=v(k) + .A
VABOVE 2.2.

then form

VABOVE

1 +AtL AYW t

as the weighted velocity to use in the flux equation and store it in V
VABOVE'

If it is positive, use p(k); if it is negative, we use P('). Now

calculate the mass flow across the top as Am. = p(M)A(j) VAt where

VA donVABOVE_• M =donor cell
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or S: ABOVE (At)

Now we calculate the mass flow at the right boundary of cell k. uRR

is defined as u(k) 2. then form

URd•

1.L 6x(i) J

as the weighted velocity to use in the flux equation and store it in uRR.

The mass flow across i is then

wAr. - p(M)A(i)u At

where

u =URR

N = i value of donor cell

M = donor cell
1

PIDTS =

or
Paw =AMx(M' X()2(J R

"R ~TAU(N) PIDTIS

Now check to see if these masses will more than empty the cell, since

it is possible that the left and bottcm flux were both negative. Search

cells ahead in both directions to remove preferential mass movement. As

an example, suppose thg flux at the TOP (AMF3Y) is positive ard the flux at

the right is positive, where their sum is larger than the mass in cell (k);

then normalize the fluxes the following way. The flux out of the top im-

FT [AIX(k) 1,

FT + B

and the flux out of the right is equal to

FR[AMX(k)]
F T 4; V

where F is a symbol for the mass fl'4x.
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The momenta associated with these masses are now computed. The sign of

the flux specifies the zone where the mass came from, thus at the top; the

radial component equals AMVT = AMPY(u(N)) and the axial A1VT = AMPY(v(N))

where (N) = cell nmiber of the donor cellq,

The momenta for the right is AMUR - AP(u(N)).for the radial and

AMVR = AMMP(v(N)) for the axial component, where again (N) = cell numfber of

the donor cell.

The total specific energy that those mass fluxes carry is also

calculated at this time; for the top it is equal to

(n 2 2
DELET = ]1(n) ,+ U 2. vN

and for the right it is equal to
2 2

DELER - I(n) + 2.

where again (N) - cell number of the donor cell.

The mass now in cell (k) is equal to EWM = AMX(k) + GAMC(J) + AM -

AMPY - A*T •.bich equals the original mass plus the mass flow across the

left, the bottom, and less the mass flow across the top and the right.

The total axial mcmenta that have come into or left cell (k) is =

SlGMV = YAMC(J) + AMV - AMT - AMVR = the momenta crossing the left

boundary plus the momenta crossing the bottom boundary less the momenta

croesing the top and the right boundary.

The total radial momenta that has come into or left cell (k) is

SIGMJ = FLKFT(J) + AW4J - AMIZT - AMUR = momenta crossing the left and bottom

boundary less the momenta crossing the top and the r~igt.

Similarly we calculate the total energy that these fluxes have carried

DE K- (GAMCj)) SIGC(j) + (A9 ) Deleb - (AMPY) Delet - (AMIP) Deler =

the mass timas the total specific energy at the left plus the similar term

for the bottom loss the similar terms for the top and the right.

tI ____
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Now by conserving momenta and total energy, calculate the new specific

internal energy ard velocities of cell (k).

MtJL + MUB - MUT - + Mt~k =(TOTAL MASS)uý

where total mass = DEIM and

1M4% + Mv -MT v + Mvk = (TOT~AL MASS)-V
*vB - -T

and the new specific internal energy

E + EB~ - T-ER +Ek -2+-

1(k) DE114 2.

and now AMX(k) set - to DEIM.

The subscripts L, B, T, R, refer to the left, bottom, top, and right.

Now the values that we calculated at the right for cell (k) are now set to

the left values for cell (k+l) and the /op values for cell (k) now become

the bottan values for cell (kA).

The limits of the DO loops on i and j are il and i2. A check is done

to se•. if mass or energy has moved beyond il or 12 and then the counter is

increased by 1. This check is also done in PHI. By using this scheme, we

pr •ss only the active mesh at all times, in all the subroutines.

3.4. List of Coon (OIL)

'The location refers to the location u•. that symbol relative to the

beginning of common. Since the beginning of common is assigned the same

location for each subroutine, a program (CARDS) is available for changing

a.ny word in common. The z block is first in common for OIL.

Note that if one should change the dimensions of the arrays, he must

be careful and also make the necessary changes of the locations in the

following tables.
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No. of
Symbol Location Words Units Description

AID 706 1 Not used, since this is a one-material
(x) code

AIX 707 3500 jerks/g Specific internal energy (x) for cell (k)

AM 4207 130 g Mass of particle (N) for PIC transport
only

AMD 4337 i1 - Nat used in this one-material code
Am UR(16) 220 15 g Storage (EDIT) for summing masses in

given angles for editing

AMX 4338 3500 f Total (x) mass in cell k

AREA 7838 1 Tag, used in PH2 (EUL and PIC)

BIG 7839 1- Not used
BOUNCE 7840 i1- Tag used in particle PH2

CABIK 82 1 -- If < 0 code controls 4t but at Z(139)

of instability

Caution: You must load a If = 0_ code will control the At,
4t for this option decreasing At if JuAt- or jVAtj exceed

FFA (an input number) and increasing
At if JUAto Jv~tj is less than FFB

- rAy (an input number)

This holds provided SN • 0 If > 0, DT loaded will remain constant.

DDXN 7841 1 -- Not used

DDVK 7842 1 -- Not used

DKE 7843 1 -- Not used
DVK 7844 1 -- Not used
DX 7845 52 cm DX(i) = x(i) - X(i-1)

DY 7897 100 cm DY(j) = y(j) - Y(J-1)

E 7997 1 -- Not used

FD 7998 1 -- Not used

FS 7999 1 -

FX 8000 1 -- Not used

OUT 8001 1 -- Tag in particle PH2

P 8002 3500 jerks/cm3 Material pressure in cell k

PABOVE 11502 1 jerks/cm3  P(k)g "(cell above)

2.
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PBLO 11503 1 jerks/cm3 p(k) + P (cell below)
2.

PiDTS 11504 1 1/cm.sh 1.
At it DY(j) i

1 _

At in PH2

PK UR(31) 235 15 g.cm/sh Radial momentum in certain angles for
editing

PLPR,GAMC 405 200 Many Pressure in PHI, flux. in PH2, etc.
PH(lOO),SIG(C)

PPABOV 11505 1 -- Not used
11506 (cell to the right)

2.

FUL 11507 1 -- Not used
QDT 11508 1 -- Not used

250 15 g.cm/sh Axial momentum in certain angles for
editing

RC 11509 1 cm [(X(i) + X(i-1)]/2. in PiH

ReZ 11510 1 If > 0 and ReZFcT > 0, then PH2 (EUL)
will call subroutine REZONE, ReZ set
in PH2.

RHO 11511 1 g/cm3  Density

RL 11512 1 -- Not used

RR 11513 1 cm [X(i) + X(i+l)]/2 in PHI

SIG 11514 1 cm Minimum Ax or Ay in CDT routine

SIGN = 11515 1 0 Not used
QOOOFL

SWITCH 11516 1 -- Not used

TAB 205 15 -- Tan(a) (Table of,used in EDIT routine)

TABIM 11517 1 -- Not used

TAU 11518 52 cm =nxi- (iy area
TAUDTS 11570 1 cm2 sh TAU(±)At in PHi.

TAUDTX 11571 1 -- Not used

U 11572 3500 cm/sh R component of velocity in cell (k)

UK 15072 1 cm/sh R component of velocity in cell (k)
used in PIC transport
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UL,UR, ieft. 205 200 cm/sh U(k)RC + U(k-)RCC where
etc. 2.

X(i-l) + X(ij 2 )an
RCC =

RC =x(i) +x(i'l)
2.

URR 15073 1 m2 /sh [U(k)RC + U(k+l) RR]/2.

UT 15074 1 -- Signal in PH1 (decrease At)

UU 15075 1 sh New At if FP1 integrates bay for
I < 0, set originally to i0

UUU 15076 1 -- Not used

UT• 15077 1 cm/sh R velocity component used to move
particle when using PIC transport

UVMAX 15078 1 i/sh IMax velocityl/Min(AX or AY)

V 15079 3500 cm/sh Axial (Z) component of velocity for
cell (k)

VABOVE 18579 1 cm/sh [V(k) + V(cell above))/2.

VBLO 18580 1 cm/sh [V(k) + V(cell below) ]/2.

VEL 18581 1 -- Used as a tag in PHI and Max(y-1) in
CDT, and tag in MJL. PH2

VK 18582 1 cm/sh Axial ccmponent of velocity in cell
(k) for PIC transport

VT 18583 1 -- Not used

VTEF 18584 1 cm/sh Z velocity component used to move
particle when using PIC transport

W 18585 1 -- Not used

-WABOV 18586 1 -- Not used
VVBLO 18587 1 -- Not used

W2 18588 1 -- Not used

W3 18589 1 -- Not used

WPS 18590° 1 -- Working Storage

ws 18592, 1

WSA 18592 1

WSB 18593 1
WSC 18594 1
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XX 152 53 Cm rXX(2) =X(l)

IL 18595 130 cm, R coordinate 3±' particle X

XL? 18725 1 - ~ Fraction of area on left t~o use in
velocity weighting for PIC P192.

L 1872,6 I cmr R coordinc.te of particle N at cycle
(n-i')

XR13727 1 -- Fraction of area~ to the rig~ht to use in
velocity weightine, for PIC P112.

Xl 7S 1 -- Not used

X2 79 1 otused

Y 6o6 100 OM Y(J) = top dimension of zcne (i.,J)

YL 18723 130 cm, Z coordinate of particle N

Yui 18358 1 -- Fraction of area below to be used in
-vlocity weighting foi- PIC PM1.

YN 13359 1 cm Z. coordinate of particle N at cycle
(n-1)

YU 18860 1 -- Fraction of area above to be used in
velocity weightiiig. for PIC P112.

YY605 1 cm YY(j~i) = YUj
(YY(2) Y(l)

Yl 80 1 -- Not used

Y2 31 1 Not ut.ed

2.1 150 -- See paGes where Z(i*) throiýgh Z(150)
are defined

Z14AX 1,2ý61 1 cin An up-to-date value of~ larigest Y
2oordinate of all particles used in
PIC P1112.

ii. 1862 1 -- Index (vJorking Storage)

ii 13363 1I

iq18865 1

i~1s 18&366 1

i IS A 18267 1

iWB1386,

ij 18369 1 -

Ui 47 2. -- The right boundary of the active grid

+ 2, MAX(il) =iMAX
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±2 488 1 The top boundary of active grid + 2
MAX(i2) = JMAX

:2 49 1 -- Not used

i4 50 1 -- Not used

iWi 18870 130 -- = (i) of the cell (k) where particle
(N) is located, used in PIC FMH2.

J 19000 1 Isex ('orking Storage)

JN 19001 1

JP 19002 1 I
JR 19003 1

K 19004 1 Index of cell defined sach that
k = (j-1) ZIAX + i+l

KDT 41 1 If KDT = 0, At has chenged if3
At remains constant

KN 19005 1 Index (Working Storage)

KB 19006 1

KR 19007 1

KFM 19008 1

L 19009 1

M 19010 1

MA 19011 1

MB 19012 1

MC 19013 1

MD 19014 1

ME 19015 1

14Z 19016 1 Set by input, used in EDIT for length
of Z block to write on tape, present
value = 150

N 19017 1 Index(Working Storage)

N 19018 1

mmAX 19019 1
.•ITC 190ý:0 1
NO 19021 1

Nit 19022 1 Maximum number of radiation cycles/
hydro cycle calculated in CDT
NR SM



iW2 19023 130 (J) value of cell (k) where particle
(N) is located, used in PIC PH2.

iZ 1 150 Many Fixed value of Z block

Fleft 205 100 Equivalenced, used for flux terms

YMC 304 100 in Eulerian continuous (PH2)

SIGC 504 100

Location S Units Description

Z(1) ROB -- Problem number (if positive, this is an OIL
run; if negative, this is a PIC run

Z(2) $pYCL -- Cycle number (floating point value)

Z(3) DT sh At hydro = tn - tn'l

Z(4) PRINTS -- Cycle frequency for short print

Z(5) PRINTL -- Cycle freqaency for long print

z(6) MPT7 -- Cycle frequency for binary tape dumps

Z(7) CSTOP -- Cycle number at which problem stops

z(8) PIDY -- 3 = 3.1415927

Z(9) TMZ g Total (X + -) mass at t = 0 (calculated in
CLAMk

Z(iO) GAM -- Not used

Z(ll) GAMD -- l./(y.-1) Ccamnpted in Input

Z(12) GA6 -l./yX-)

Z(13) ETH Jerks Total energy (cumputed in CLAM for t=0.)
Changed in PH1 at transmittive boundaries and
in PH2 if mass leaves the system, and by
radiation flow out of the system.

Z(14) FFA Upper limit for stability and to calculate
At, onL- if CABIN = 0.

Z(15) FFB Lower limit for stability and to calculate
At, on.>y if CABIN = 0.

7Z(16) TMDZ g Total (.) mass (t = 0) calculated in CLAM

Z(7) TZ g Total (x) mass (t = 0) calculated in CLAM

z(18) mAX cm = x (iWx)
z(.L) TXMAX cm 2 (XVLAX) t = 0. calculated in CLAM

Z(20) TYMAX cm 2 (YMAX) t = 0. calculated in CLAM

Z(2- AEMt 9 Min(-) particle mass/2.; calculated in CLAM
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Z(22) AEN g Min (x) particle mass/2. Calculated in CLAM
z(23) DNi -- (LU - .)n'IM

z(24) am - (ECK) Note z(76) > 4mm, problem will stop
and the edit routine wiLl call dump.

z(25) MW Not used

Z(26) DTNA sh Atn-l

Z(27) CVIS If < 0, bottcm boundary is transmittivej
otherwise reflective boundary.

SZ(28) NPR Index (Working storage)

z(29) NPF-i "

Z(30) NC Cycle number in fixed point.

z(31) NPC Number of cycles between short prints

Z(32) NRC Index

Z(33) iMAX Maximum number of zones in R direction

Zý34) iMAXA .mAX + 1
Z(35) JMAX Maximum number of zones in Z direction

z(36) JMAXA JMAX + 1

Z(37) KMAX (iMAX)(JMAX) + 1

z(38) .MXA - KMAX + 1

Z(39) NMAX Total number of narticles -1 1, Generated in
CLAM for PIC problem only.

z(4o) ND Total number of (.) particles + 1 generated
in CLAM

Z(41) XDT -- Defined previously

z(42) ixMAX -- Not used

z(43) NOD -- Index

z(44) NOPR -- Index

Z(45) NiMAX -- New iMAX before adding new zones

Z(46) NJMAX -- New JMAX before adding new zones

z(47) il -- Defined previously

z('48) i2 -- Defined previously

Z(49) i3 -- Not used

Z(50) i4 Not used
Z(51) NI -- Scratch tape number for particles if this is a

PIC run.

Z(52) N2 Scratch tape number for particles if this is a
PIC run.

,!________ ________________________ ______ ___________ _____________ ___ ____
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Z(53) N3 -- Number oa particle records generated if this

Z(510) N4 -- Number of axticles-i per record (MAX = 127)
if this is a PIC run.

z(55) N5 -- Nat ased

Z(56) N6 -- Number of particles on last particle record
if this is a PIC run

Z(57) 7-- ot used

z(58) N8 -- rot xaed

z(59) N9 -- ot used

z(6o) N10 -- ti value of zone that is controlling At

z(61) N -- = j value of zone that is controlling At

z(62) N -- = maximum number of Rad cycles/Hydro (input
number)

z(63) TRAD sh NR - At Rad = AT Hydro; not used in this
version

z(64) XNRG jerks Total enera of (x) maaeriali

z(65) SN -- If = 0 code will decrease At to correct for
I < 0, if / 0, those I < 0 are left alone

z(66) DXN -- Not used

z(67) RADER g-cm/sh Total positive radial momentum (x only)

z(63) RADET g-cm/sh Total positive axial manentum. (x only)

z(69) RADEB g-cm/sh Total positive radial momentum (x) for material
under target

z(70) DTRAD -- Nat used

Z(71) REZFCT -- If , U, PH2 will not trigger rezone

Z(72) RSTOP -- Not used in continuous version

Z(73) SHELL -- Not used

Z(74) BBOUND -- Not used in this version

Z(75) TOZGUE g/cel Minimum density for mass flow at free surface

Z(76) ECK energy cheek En - ( )n-Nl /NPC

Z(77) MBONlD Fraction of A in mass veighting velocity
EUL M12 -- 1.0

Z(78) X1 -- Not 'Ised
Z(79) X2 -- vo• used

Z(80) gl. Not used



49

z(81) Y2 -- Not used

Z(82) CABWn -- Already defined

Z(83) VTSC -- Not used

Z(84) T sh Total tiwe up to cycle N, tn = tnl + At

z(35) -- Maximum of yx or Y.
z(86) WSGD -- Y.

z(87) WSGX -- x and (y m" l) in CD

Z(88) IM-- y.I(y. - 1)

z(89) GXP -- Yxl(Yx- 1)

Z(90) S1 -- Not used

* z(91) S2 -- Not used

Z(92) S3 -- Not used

Z(93) s4 -- Not used

z(94) S5 -- Not used

Z(95) s6 -- Not used

Z(96) S7 -- Not used

Z(97) S8 -- Used in CLAM only

z(98) s9 -- Not used

Z(99) SlO -- Not used

Z(100) IMass thrown away (PH2) continuous transport

Z(I01) jerks Total energy thrown away

Z(102) g-cm/sh Total radial momentum thrown away

Z(103) g-cm/sh Total axial momentum thrown away

z(Io4) Jerks Energy (internal) added to sy8tem when
--internal is set to 0 if I < 0

Z(105) -- Nat usied
z(106) -- 'ot used

Z(107) -- Not used

Z(1O8) N- ot used

Z(109) -- Not used

Z(1IO) Jerks/g Critical energy EVS), same value as Z(122)

Z(lll) g/cmO Initial density of material

Z(112) cm/sh Initial velocity of pellet

Z(113) -- Epsilonics fcr emptying pellet .01.

z(114) -- Not usedII
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Z(1.15) C/crn Density (p)
z(n6) -- a

Z(117) jerks/g E3

Z(113) -- b

Z(119) jerks/i=3 A

z(120) -- ,F. equ..tion of state

z(iai) -- -
Z(122) jerks/g E~

Z(123) a-

z(124) -

Z(125) -- -

z((126) jerks/cm3 B

Z(127) -- Not used

z(128)

Z(129)

Z(130'/

Z(131)

Z(132)

Z(133)

Z(1.34)
z(135)
z( 136)
Z(137)

Z(138B) g/cm3  Density check if p(k) < Z(138) stability check
for cell (k) is bypassed.

Z(139) Percent of instability, used in CDT if
CAB < 0o .5

Z(I40) -- Not used

z(141) --

z(142)

Z(143)

z(144)
z(145)

z(i46)

Z(147) -- j (of pellet-target interface) at t = 0

Z(148) A 105cm/dsec C(sxee of sor•= A + BPe Vnaz A C
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See Ref. 5 for a more detailed description of the equation of state.

For condensed states,

S-- + V
-Vol

for expandzdlIstates,.

P -- +Ae V• 0 e i

--E011

" - • • = - 11 = @- and A ]

= specific internal energy
Condensed form for states where

V
SVo . and E < ES

expanded form for states ,.where

V > 1 and E > ES

The following table contains the constants for the above equations.

i

z
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EQUATION OF STATEM DATA

Loc- ;(115) 7(116) Z(117 I z(113) z(119) z(12o) Z(121) Z-22) z(12-)Z(l24 (12-, (.26)
Def. p a E0  b A V 0 E 0 B

Unit g/cm3  jerks/ jer~s/ jerks/ jeris/

w 19.17 .5 2.25 1.04 3.0 1.11 0. 1.135 10. 10.j 0. 2.5

CU 3.9 .5 3.25 1.5 11.39 1.1.3 0. 1.38 5. 5. 0. 1.1
(-5) (-4) -6) (-4)

FE 7.86 .5 9.5 1.5 1.279 1.21 0. 2.44 5. 5. . 1.1.5
(-6) (-4) (-6) (-4)

AL 2.7 .5 5. 1.63 7.52 1.2 0. 3. 5. 5. O. 6.5
(-6) (-5) (-6) (-5)

BE 1.845 .55 1.75 .62 1.173 1.1 0. 1. 5. 5. 0. 5.5
(-5) (-4) (.5, (-5)

Ti 4.51 .5 7. .6o 1.03 1.09 0. 3.5 5. 5. j* 5.
(-6) (-4) (-6) -5)

Ni 8.36 .5 9. 1.33 1.912 1.11 0. 2.85 5. 5. 0. 1.5S(-6) (-6) (-4)

MO 10.2 .5 4.5 1.02 2.713 1.08 0. 2.3 5. 5. o. 1.65

TH 11.63 .4 2.5 .A, 5.31 1.15 3. 2. 9. 0.88 0. 5.
--(-) (-5)

cH2 .92 .6 7. 0 7.5 1.1 0. 2.4 10. 5. 0. 2._• (4 •i -6)(-6) (-6)

PB 11.34 .4 i 12." '-6.64 0.L 0. 2.6 13. 15. 0. 1.5
_-

6) (-5)(-, i - - -)

I IZ ( ., z ,, -149 ) Z ( 1 50 'ý

C A e Where
AL 3.28 -. .45 C C + APe

PB 2.0 -.42 .43 C0 in 105 cm/sev
Plastic 2.36 "t5 P in megabars

FE ..o4 3 - .4
.42
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4. TEs'2 FRoBL=4
/ I

4.1.Tehiu

/ A series of one-dimensional impact problems was undertaken to select

the most appropriate scheme for the velocity weighting in the mass transport

equation. An iron projectile traveling at a velocity of 1 x 106 cm/sec

striking an iron target was used as the standard test problem. The projectile

had five zones of 1-cm each; the target had 95 cones of 1-cm each. The

equation of state used was that for iron.

Four different velocity weighting techniques were investigated to:

determine the best u to use in the mass transport expression puAt. These

are illustrated below, for the case where the flow is fran cell k to cell

(kl).

The four different approaches were as follows:

1. The donor cell scheme: u = U(k)

(6) -2. The Rich scheme(6)
(no density terks) U U(k) +

ufs) +ll_\

3. The OIL scheme 2.U = -. _

EU(k+l) (k)

and 4, another scheme where

2. L:x AX

The donor cell, Fig. 5, looks very good in the neighborhood of the

shock front; however, behind the front (the rarefaction side) instability

sets in. Rich's scheme (without his density weighting) is very similar to

scheme 4. The present scheme 3 now used in the OIL code 'ias chosen as the

best representation of the shock front and the rarefaction (Fig. 6).

However, the results indicate the possibility of using the donor cell

(scheme 1) near the shock front and one of the other three schemes in the

rest of the problem.
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4.2. Comparison of SHELL and OIL

An iron projectile, 3-cm-diam by 3-cm long, strikes an iron target

at a velocity of 4 x 106 cm/sec. The problem was run using both SHELL

(PIC transport) and OIL (continuous mass transport.) The starting conditions

and cell sizes were the same for both. There were 72 cells in the projectile

and 2976 in the target, and 16 particles per cell were used in the SMELL

run.

Figure 7 is a plot of the total positive axial momentum and the total

positive radial momentum (in the target) vs time for the two problems.

Figure 8 shows the shock pressure vs position as a function of time for the

two problems. The agreement between tle two techniques is very good, with

the SHELL scheme overshooting the theoretical shock pressure by a :omewhat

larger amount. Figures 9 and 10 are mass flux plots of the two schemes vs

zone number, again at 45°. Figure 11 is a pressure and compression plot of

the two schemes as a function of zone number along a ray 450 from the

initial center at the projectile target interface. Figure .2 is the same

information at a later time of 9.2 Psec. Throughout all the comparisons,

the two schemes are seen to be in very good agreement, with the SHELL scheme

exhibiting some undesirable oscillatory behavior due to the discrete nature

of the particle populction in the cells. Finally, the SHELL run required

longer machine time by a factor of 15 over the OIL run.

4.3. One-dimensional Test Problems

Figu-re 13, a comparison of the two schemes for a plane wave free

expansion problem, indicates good agreement between OIL and theory. A hot

gas extending to 30 cm with a p of .8 g/cn 3 , a y of 5/3, and specific

internal energy of (' x 10- jerks/g, with a rigid wall or the left, was

suddenly released and free to rarefy to zero pressure. The slight rise in

mass in the leading edge is due to the constraint a4opted for preventing

mass transport to diffuse n cells in n time steps (see Section 3.1).

A second "shock tube" problem consisted of a rigid boundary on the

left, a hot gas of p = .8 g/cm3 , a y of 5/3, and a specific internal energy

of 9 x 10-3 jerks/g, which was allowed to shock a cold region extending

from 30 cm to 40 cm, consisting of a p of 1.2 g/cn3 and a y of 5/3. In
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addition to the OIL and SHELL versions of this flow, a third comparison was

made using a plane-gecmetry version af a one-dimensional Lagrangien (sPUTTER)

V• code. The results are given in Figs. 14 and 15, where pressure and velocity

are plotted as functions of distances in both the hot and cold material.

The comparison between OIL and SPUTTER is very good, while SHELL, again,

exhibits an oscillatory behavior.

Figure 16 shows the initial setup of a spherical blast problem whichS was run using the three codes, SHELL, OIL, and a spherical version of

SPUITTER. Figure .17 is the pressure versus posItion for the three cases,

and Fig. 18 is a plot of density versus position. In the latter plot

particularly, SPUTTER displays a decidea advantage over the two Eulerian

methods. This is due to the fact that the SPUTTER (Laarangian) zoning was

on an equal mass basis and the resolution iL accordingly better at big R.

Hence, there are many zones to represent the d3nsity discontinuity or shock

location. The SHELL and OIL results are very similar, with the OIL results

being substant! ally smoother.

Figures 19 and 20 are pressures vs position along the r and z axis

for the SHELL and OIL codes. The results for OIL are especially interesting

in that they are very nearly spherical, where the results for SHELL are not

as smooth and are slightly different along the two axes, partially because

of the preferential movement of prarticles that exist in the PIC transport

of SHELL.

The spherical character of the OIL solution is also borne out by

further tests, suzh as the close agreement, to about one-tenth of one percent,

of the two components of velocity along a ray 450 frc. the axis of synmetry.

The fact that an initially spherical problem remains spherical is gratifying

as evidence that the differencing or transport schemes are not introducing

significant preferential treatments in the radial or axial directions.
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.1. FomRA IV LISTNGS OF CLmR

c NOTE, THE BELOWU --sf 0;J
DIMENSIL-No LJUIVALENCr ANE. --'ivMý IS

c TG BE USED A.I [ ALL S-J1.j00.tT1UiS IN
L CLAM,, WlITH T-IE EXCEPThION OF M4AIN ROfUTP-1E.
c D I m4 E N s 1 0 INPU0020
C INPU0030

DIMENSION AIA(43G0),A!4(1301t INPU0040
IAMX(43OO),vJX(52),,ý.):2),Z~!TA&5ý'22)IL(iOO), INPt0050

~~ INPIJ0060
3TBV211-3(iiý.-Y2)T')5lT-VP11 INPUOOTO
4U(43O0jV(43%)),XI5l.ý5,AL(L'O)#,.AI54), tNPUOO8O

5YL43CjL(~jj±~,Y~iCii,~fI')?INPUO090
DIMENSION ~IaLi3OJvIW2(i.3Oi INUO100
COMMON z ,XA IF1 1YY INPU011O
C0O4MON I413 ,A INAX ,AIX tAJKAX ivAM t I* mo INPU0120

COMMON IVYN *GY if tA tIo P13A INPU0140
COMMON 11-4 1JL) ,I6 111 ,IIC Ili INPU0150
COMMON IR IJI4(, ,hJ ,I~ ,IWS 11s IsiNPU016O
COMMON 1r.Sj 'IX ,IXiN ,IXX ,I?.A4 fIyX INPUO170
CLJMMON J ,JA ,JI fjfp t IKE TNPUCl8O
COMMON KF t, L 9LA ,Lb IL& INPU0190
COMMON Lc ILI #LX IV' 9141 ,p IiJ INPUCV200
COM14ON i 1, ,M-'4 p ,-4X IXA I Mr. 5 NPU021O
COMMON z , N P K \P pfp PT , '4x #NY INPUC220
COMMON Q-0 C F ,dL AH ,tL A t AL ,rAESI INPU0230
COMMON 1AAi1Y 116k tTAb~jV ,TAoA. ,1A$( itAlm INPU0240
COMMON TAU , TE;AP 1Týix I P lfy ,TA vTY INPU0250
COMMON u IV/ 1.4PIoy ,ws ,WSA twss INPUD260
COMMON 106c ,/is:) o.'SE t45F 0 wS1f, tWIl INPU0270
COMMON WSL ,a4MJ ,WISV ,,,sx ,WSY O~S5 INPU0280
COMMON XC tXL yc. ,YL ,YAAA 01SR INPU0290
COMMON PE 1P pm1 fi ,TJY ,LF PE INPU0300
COMMON p :i: 11pkA ;iyy IDYf tNK ,Sw ITCrt INPU0310
COMMON lW1 t1wz INPU0320

C I NPU0400
C E QI u I V A L E 14 C E INPU0410
C INPU0420

OEQUIVAL-'NCE (Z,IZI'RLU~Hl (112),CYCLE1, IL43iDT)v INPU0430
1(Z(4J*PkINTSi, (Z(5),PRINTLJ, (ZAb,fAUFl-PT7), IZ47),CSTUP), INPU0440
24Z(8)tPII)YJv (Z(9iTMZ)t (Z1iciGAm1J, (Z(11JjGAML0i, INPU0450
34Z(12),GAMX), (Z(13)?ETH)r (ZLU4IIFFAJ, (Z(15)qFF8)r INPU0460
4(Z(I6)vTMDZ)v (Z(17),TtIXZ2, (Z(IbeJX/4AAJ, (L19),TXfMAX)t INPU0470
51Z(20),tYMAX), tL(21tAtiDMI9  tL(z~2),AMXA), (Z(231,oNN%)1 INPUC480
61Z(241#001INhv (Z(Ztu),FEF), (Z(26)*0TNAIs (L(27J',CV1S)* INPU0490

3(1132)tNRC)v (Z(33),144A)* (Lt34),IMAXA)q (Z(35)tJMAX)t INPU0510
9(Z(36),JMAXA), (Z(37JrKMAX3, (Zt38JtKMAXA)t (Z139)rNMAX) INPU0520
OEQUIVALENCE (LI40),140)t (Z(41) 9 KDT), (Z(42),IXMAX~t INPU0530
1(Z(43)vNOD)t (L(44i)vUtPkO, (L(45),)'1MAX), (Z(46),f*JMAX)i INPU0540
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21L47.lI. 144),2),£Z491*13to IZ(50)9141* IN4PU0550
3Z(1M)INI3 112tN) (Zi53)vN3)o (L(54)vN4I, INPUC560
41Zf55ftN5), £L5IN6,iU57)#N7l, (L(58),NS3. INPU0570
W(159).N9)l (l(60)vNIO). U161.)PNII)o IZ(62),NRM)v ItAPU0580
W4163fiTRADJ, ZI64)#XNRGP, fL(65JSN)* MZ6609DXNv INPU0590
71Z(67),rAADER)t MZ681.RADETP, (L69)AADEB~v (Z(70)*OTRAD)v IMPU0600
8lZt71),REZFCT)* (Zt?2)vRSTOP). lZ173)tSHELLU. (Z(74h#B8OUMDJINPUO61O
9(Z(75)*TOLDNEI. tL(761,ECS)o (Z1771,YSBOUNDJP (L(78)vE1) IMPU0620
OEQUIVALENCE fZ(79)tXZ), (ZI80)tYllf (Z(81)lYZP, INPU063O

r 1Z(8219CABLN), (Z(83)tVISCJ, IZ(84)tT)v MZ85),GMAX)v INlPU0640
2(Z(86),WSGD)t iZ(87),WSGXP, fZ(88),GMADRI, (Zj89),GmAXR), ItJPU0650
3(1190)#S1)v (L(91)tS2), (Zt92ft53)9 (Zt933,S4)v ItdPU0660
4tZ(943,55)t (1195)tS6)t (Z(96)tS7)9 (L(97)ISB)t IN4PU0670
5(ZE98),S9)v (z199)*SIO) INdPU0680

OEQIVLENE 1,1).(XX(2)#Xt1P). (TAB*ITAB)t INPU0690

I.EYY(2)tY(13 Ilf0O
C INPU0710

N4OTE . ALTHOUGH THE DIMENSIONS FOR THE CELL
QUANTITIES ARE 4300 IN CLAN# THE DIMENSIONS
FOR OIL ARE 3500. THAT IS, KEEP (INAX)(JAX)

*1 LESS THAN 3499o
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$L$FTC MAIAN LI
CHAIN MAINOOIO
C L A M I ts *~~ MA~nG02O

C M4AINC030
C, IF kboaJILAJ WJgbER 1.ý NEf.ATi~t,

c, CLAM *ILL WFvIJTL Tflk P'AATICLj:., Oh7 TAPt.,
C PREPARIl#G 11 Fi~c A PIC Rih
fC Ns ~OTE it MATERIUAL '3lLY IiJJ MAIN064O

C MAIN0O050
CALL SLITE f0) KAILNC06O

C INPUTl fd(.TInE CALCUL4:f: THEf ALI'JAL 'IoD.)
C L)IMENSIUMS4 AND INVICELo*

10 CALL INPUT MAIN0O7C0
C PHI, READS IN' DATA L.A5'O FfJ;ý fitl
C PACKAGkbv Phi2 CALLULAIE., T~k~L*zdS
C PH3 THiE PARJ1CLLtS P-H4 CALL.o TjEE
C 6 POSSIBLE FITS THiAT '.kLCLJLAIE Tolf
C DENSITY, VLL~sCJITIS- 161 Pdkr-AL L-hEfcCY

C OF THE PAkTICLES.
20 CALL PH~I MAIN0080

C OUTPUT CALL4AJLATE.. THlE VFELf;-CITY ri
aC RADIAL AND0 AAIAL) AN:;i SPcCJil,: 1D~sTWIAL
C EliERGY OF EACHI CELL FkU2', 14L
C TOTAL M0UXEUTA 4h! IfsrR-NAL

C ENLRGY A!qV MASS OF LA~e-t ChLL.
C OUTPUT ALSO PRLPAPES A LJUMP TAPf-.
C WHICH IS USED lluf-, to S.Akd 91L.

30 CALL OUTPUT MAINdO090
CALL EXIT ?MA1NC100
EN4D NiAlNO11O



$ISFIC INPUT LISf,VEK*REF
SUBROUT INE IEPUt HPoOll

C W*$*)4fTE 91 MA~IkkIAL OPlLY E(t()) INP0iO9513
MZ=150 IhPIJO961

C CLEAR Z BLOCK.
DO 30 1=1#ML IN*PU0970

30 tl(I=0.0 INPU0980
C READ IN fik^VING CARD IAIPtI996

READ (5*8OIZJ)iWS I NP4J1090

WERITE 16v8O12)tIk~SJ I 1PU1O20
WRITE 1t6S103) INPUOI30

C RE~AD Ift PR06LE*4 CGUdSTAUTS I tP01040
c PROOzPROBLED hi. A1N4X=IXA%,
C AJKAX=JMAXP QjC03FL IS NOT U5ZLV-SET
C TO ZERO# SHELL SET=2otS8*S9 AREj C ZERO, SET N7 T0=-TAPlE 11.

READ (5,80O4JPOBA1MAXAJMAAX,ýJ0OOFL.SHELLP,8.S9,i7 hINPs1O5Z

41~f7J4v0 INPL51O6C

50CONTINUE I Ihpu10bo
C MAX. NUMBER OF ZUhES Id14 OR DRECIJON. INi19

MI=50 IP19
C MAX. NUMBER OiF ZDUES IN Z D)IRECTIONd.

MJ-100INpuiIooI C MAX. NUMBER Of PARTICLESICkLL.
DKdP=400 INPUX 110

CSIZE O~F TABLE ITABI IhP~J1120
.JTMR=500 IP13

"9AXIMUM 1*J INPU1l440

60 MI.J=4299 IHPUI 150

C CALCULATE ADDITIONAL laulCES I-OR CLAM AN) OIL.
70 IMAX=AIMAX INPtJI160

JMAX=AJMAX INPUI1170
IMAXA=IMAX+1 INPUI180
I XMAX I MAXA. 1 IMPUI 190
JMAXA=JMAX~l INPUI200
KMAX4 IMlA7*JMAX)+1 INPL'J210
KMAXA=KMAX -1 IhPU1220
WRIRTE 16,b048)IPROBIIIAXvJMAX) INPUI23')I C CHECK INPUT NdOS, CONCERNED 91TH GRID) SIZE.

101 IFEIMAX-MI)LO2,102*9901 INdPUI240
102 I F(CJMAX-MJ) 104w 104j9902 INPUL250
104 IFIKKAX-MIJ-11106,106*9903 INdPUI26C
106 NOD~l IMPUI270

*NPC1l INiPUI280
NRC=0 INdPUI290
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1= VCt4D 1h [it Alil DA P

X~lj~a.D 4 330
Y(JfoIr)luriL0340

2000 READ 119piJj350)
L= 1 sPJ 360

C COUNT to. of DIFFEJRE34o iiK ORý

2001 IFI%3)2004,2002*20O4 PU3f
2002 I1U2262P0,O1 IlPf390
Z003 L=L*1 IWVPLJ40D
2004 L=L4I I1nP01410
2006 L=L,1 Iil9P~i420
2008 1Ff 1US6)2G10.2ci~v0.23- IINP431430

C PROCESS THE OX A4iii DY VALeEL.
2010 00 2014 lv=1vL IINPfL1440

hK=IZfh*50) IUIPUI450
00 2012 9=,U IUPUI460
1=1+1 1IINP01470
OX( 1 =TE9fP(tnP IffPUI480

2012 CE3NTINJE I Ipu1500
2014 CONTINUE IF11

GO TO 2050 1 NPWi520
C CALC THE Y AN D VAUE !hwP01530
2030 D0 2034 94=1.L th1P~UI540

hK=(ZlL(h50) 119PU1550
D0 2032 K=1.UNK 1NPU15'O
J=,J,111PO-y7

YfJj=YtJ-1 )+9Y(Jf IUPIU1590
2032 CONTINUE lnPUl6O0
2034 CONTINUE IN~PtI1610
2050 1FfIM5A12052#20)O. 2052 1-NPLS620

c IF(=) READ MORE VA Ok DY DATA CARD-S.
2052 IF(J-JMAX)9905,2053, 99C5 I1vPUI63O

c CHECK INPUT NUMB3ERS.
2053 1Ff I-IMAXi99O6,2305-4*940 INFtPUI640
2054 CONTINUE INPUI650

REAV f~6GJS*5~i~S1C IhPUI660
c klo AND N2 ARE THE 2 SCRATCHI TAPES.

il=ivS IfiPUI670
N2=USA itdPUl6so
REMIND NI IMPaJI690
REMIND N2 ItdPUIl700

C N4=MAX. tdUMBEk OiF PAiRTICLr5-l PER kiC)RD.
N44=IdS IhPUl 110
tdPRI=14 IhPUI720
MPRR=N4 INPUI730



*NR1TE a ?1FPUJ2 7 5f.
&S--3.1i415,927 pi?"

c CALC-JLA7E IHE 4a~~Ta=P1!22

j*A~ lox I&Is

TYNA%=;rMAX*2.0 'V216

c PID'W 1S REALLY' P!('3.1L415927).
PIOy=V'S igus9

C SET VELCCITTIES. lIUTERNAL fibkGIES A$VD MASSES
C To 0.

00I 1014 I=iv.AMXA TI luJ 919to

AIX 11=0.0 TINIU11a93'

ARX ( I1I=0. 0 TItNP1195D0
104COKT1uuE I IvPU1.u9f'D

C SET TOTAL EIVEIR~GI TO IbRi3.
ETI#=OG * 0 PU197zD

C INITIALILE MIi AASS ~PARTICLE TO A LARGE VDM3.
AMD*Ii. Ee28 I 'NJI19810
ANXN=-A"i! Iihpul 19910
GO TO 2016 I ?&il2~00

C ERACft R INP4D2010
9901 AIK=1O1 IW1PUi2D02,

GO TO 9999 1 2U030D
9902 *tl=102 I NPAJ20AG

Gw TO 9999 1 IN02,05.0
9903 N~K=104 I~2~f

GO TO 9999 IPU17
c iMXx £DE~j UdY EQUAL TfIE S7IM OF THE 1INPUJT J .128

9905 NK=2052 IN?4J20%C
GO To 9999 1 N?42100

C IMAX DOES X1OT EQUAL THE SUM OF THE INVPUT I INPU2110
9906 kg2053 1 NPU2 120

PRINT $8888 ,tg~pJ,X*I ~ v NPUJ2144
CALL DUMP I1NPU2150

2016 RETURN lNP02160
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FURMA I I, lNPU2170
8004 FORMAT(7f10.5,12) INPU2.80
80120FORMAT (l1,71H)14•fl , ::. TiE CLAMI ;'-AUGRA, A,,' ,,,, fHERE IS AN ERR)R. INPU219O

I I 1NPU2200
8048 FORMAT(IH /9H PlU.b INPU2210
8064 FURMAT(IH /1OH X(I) I=0,12/(5f-1a.6,) INPU2220
8065 FORMAT1IH /10H Y(J) J=O,12/(5F1b6.)) INPU2230
8066 FORMAT(IH /1. 1HX(,) 1=1,I2/(5f,16.6)) INPU2240
8067 FURMAT11l /111H UY(lJ) J=I,12/(5F~o.b)) INPU2250
8092 FORMAT(IH 113H ARi:A(I) 1=1#12/hf'f16.6)) INPU2260
8100 FORMAT(IH /1411 (Sri U. L IiT )U INPU2270
8102 F0RMAT(211,41?,4HUC.4) INPU2280
8888 FORMAT(IH+/2bI- INiluF L;4i,< I N -TAT :MEN.. I r, 1 ,X,12H INOICES ARE 61)1NPU2290

END INPU2300

I:
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$IBFTC PHI LISTvDECKREF

SUBROUTINE PHI PHI 0010
C PHI 0740C * NOTE (1 MATERIAL ONLY ((X)) PHI 0950
C READ IN GEOMETRY ETC. PHI 0960

NPP=7 PHI 0980'
NPR=NPP-1 PHI 0990
TPIDY=PIDY*2.0 PHI 1000
ND=O PHI 1010
NX=O PHI 1020NT=l PHI 1030,
NYY=1 PHI 1040

C FIRST CARD OF EACH PACKAGE.
READ (5,8008)IXLXYMXtTEMP(1),TEMP(2),TEMP(3) PHI 1050

C INITIALIZE THE NUMBER OF PACKAGES TO 0.
NPKG=O PHI 1060

2015 IF(IX-1)9901,2018,2018 PHI 1070
2016 IX=I PHI 1080

LX=L PHI 1090
MX=M PHI 1100

C IF THERE ARE NO MORE PACKAGES GO COMPUTE TOTAL VALUES PHI 1110
C THE LAST CARD HAS A 2 PUNCH IN COL 1.2017 IF|IX-2|20181,7000,9902 PHI 1120

2018 J=O PHI 1130NFKG=NPKG+l PHI 1140
C SET PACKAGE MASS AND ENERGY TO 0.

PE=O'O PHI 1150
PM=O.O PHI 1160

C ORIGIN FOR THE RADIUS VECTORS TO BE USED
SC FOR THE FIT ROUTINES(I THRU 6).

VC=TEMPfl) PHi 1170
XC=TEMP(2) PHI 1180

C S8 CONTAINS THE FIT NUMBER FOR THE
SC PACKAGE IN QUESTION.

S8=TEMP(3) PHI 1190
WRITE (6,8100)(NPKGMX) PHI 1200

C NOW READ IN THE GEOMETRY AND DENSITY,
C ENERGY AND VELOCITY CARDS.

2020 READ (5,8008)ILM,(TEMP(NiN=1,6) PHI 1210
IWS=1 PHi 1220
IF(I-5)2021,2040,2022 PHI 1230

C IF=, THIS IS A RHO, VELOLITY OR ENERGY CARD.
C IF LESS, YOU HAVE READ ALL CARDS FOR THIS
C PACKAGE IN, PLUS THE FIRST CARD FROM THE
C NEXT PACKAGE.

2021 IF(I-3)2060,9903,2026  PHI 1240
C If GREATER, EITHER A TRIANGLE OR PERTURBED ELLIPSE.

2022 IF(L)9904,2030,2024 P-1 1250
C A PERTURBED ELLIPSE.

2024 IWS=7 PHI 1260



130.

GO TO 2030 PHI 1270
2026 IWS=3 PHI 1280
2027 IF4L)9905,2030,2028 PHI 1290

1 2028 IWS=5 PHI 1300
A TRIANGLE.

2030 IF(M)9906,2034,2032 PHI 1310
£ IF=, DELETE THIS GEOMETRY.

2032 IWS=IWS+I PHI 1320
2034 J=J+l PHi 1330

C TAB STORAGE CONTAINS THE COORDINATES GF
C GEOMETRY.

ITAB(JI=IWS PHI 1340
DO 2036 N=1,NPR PHI 1350
J=J+l PHI 1360 ,

2036 TAB(J)=TEMP(N) PHI 1370
GO TO 2020 PHI 1380
F ONE ONLY RHOI,U OR V ALLOWED PER PACKAGE PHI 1390

C IF= THIS IS A DENSITY CARD.
2040 IF(L-1)9907,2046,2042 PHI 1400

c IF GREATER, EITHER A VELOCITY OR ENERGY CARD.
2042 IF(L-3)2052,2C58S,908 PHI 1410

C IF=, THIS IS A VELOCITY CARD, IF LESS, THIS IS A
C ENERGY CARD.
;C DENSITY PHI 1420

2046 DO 2048 N=1,6 PHI 1430
2048 TABR(N)=TEMPIN) PHI 1440

GO TO 2020 PHI 1450
ENERGY PHI 1460

2052 DO 2054 N=1,6 PHI 1470
2054 TABI(N)=TEMP(N) PHI 1480

GO TO 2020 PHi 1490
C VELOCITY (U AN) V) PHI 1500

2058 'G 2059 N=1,6 PHI 1510
2059 TABUV(NJ=TEMP(N) PHI 1520

I GO TO 2020 PHI 1530
C OUTPUT DENSITY, ENERGY, AND VELOCITY PARAMETERS PHI 1540
C ALL CARDS FOR THIS PACKAGE HAVE
C BEEN READ IN.

2060 IF(J-JTM)2070,2070,9915 PHI 1550
NO. OF PACKAGES EXCEED (721, NOTE

;C JTM SET=TO 500 IN INPUT, THUS MAX.
IC NO. OF PACKAGES = 72, UNLESS DIMENSIONS
IC ARE CHANGED.

2070 WRITE (6,8C36)(TABRI),vI=1l6) PHI 1560
NRITE (6,8038)(TABI(UI),II=i,6) PH! 1570
WRITE (6,8040)(TABUV(II,1I1=1,6) PHI 1580

iC COMPUTE 6CUNDARIES OF GEOMETRIES FOR EFFICIENCY IN PHI 1590
iC GENERATING OR DELETINt; PARTICLES PHI 1600

?000 CALL PH2 PHI 1610
!C COMPUTE I(0),I(N),J(O) AND AJ(NIeROM PREVIGtUSLY PHI 1620

C-

I________
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C COMPUTED VALUESFOR UPPER AND LOWER LIMITS IN PHI 1630
C THE CELL MESH SCAN PHI 1640
C IXN=MINIMUM (I) OF GEOMETRY OF PACKAGE
C IYN=MINIMUM (J) OF GEOMETRY OF PACKAGE
C IXX=MAXIMUM (I) OF GEOMETRY OF PACKAGE
C IYX=AAXIMUM (J) OF GEOMETRY OF PACKAGE

3001 IXN-1 PHI 1650
IXX=I PHI 1660
IWS=IMAX-1 PHI 1670

3800 IF(IWS)9929,3820,3801 PHI 1680
3801 DO 3808 N=1,IWS PHI 1690

IF(XIN)-GXN)3802,3804,3804 PHI 1700
3802 IXN=IXN+I PHI 1710
3804 IFiX(N)-GXX)3806,3806,3808 PHI 1720
3806 IXX=IXX+1 PHI 1730
3808 CONTINUE PHI 1740

IF(IXN)3812,3812,3814 PH1 1750
3812 IXN=I PHI 1760
3814 IF(IMAX-IXX)3816,3818,3818 PHI 1770
3816 IXX=IMAX PHI 1780
3818 IF(IXN-IXX)3820,3820,9930 PHI 1790

3820 IYN=I PHI 1800
IYX=1 PHI 1810
IWS=JMAX-1 PHI 1820

3821 IF(IWS)9929,3834,3822 PHI 1830
3822 DO 3813 N=IIWS PHI 1840
3823 IF'Y(N)-GYN)3819,3817,3817 PHI 1850
3819 IYN=IYN+1 PHI 1860
3817 IF(YIN)-GYX)3815,3815,3813 PHI 1870
3815 IYX=IYX+I PHI 1880
3813 CONTINUE PHI 1890

"IF(IYN)3824t3824,3826 PHI 1900
3824 IYN=, PH1 1910
3826 IFIJMAX-IYX)3828v3830,3830 'PHI 1920
3828 IYX=JMAX PHI 1930
3830 IF(IYN-IYX)3834v3834,9931 PHI 1940
3834 WRITE 16v8G44)IXNvlYN91XX*IYX PHI 1950

C SCAN CELL MESH TO DETERMINE IF PARTICLES ARE TO BE PHI 1960
C GENERATED OR DELETED PHI 1970
C GENERATE PARTICLES PHI 1980

4000 CALL PH3 PHI 1990
C REARRANGE XY AND M FOR PARTICLES IF NECESSARY PHI 2000

6011LA=NY-NT PHI 2010
IF(LX)9947,6020,6022 PHi 2020

6020 ND=ND+LA PHI 2030
GO TO 6024 PHI 2040

6022 NX=NX+LA PHI 2050
6024 NT=NY PHI 2060

ETH=FTH+PE PHI 2070
C REPLACE 60676000000G 8Y-18115198976 PHI 2080

I
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WS=(-ABS(-18115198976i) PHI 2090
6026 IF(LX)993396028,6030 PHI 2100 ,-,

C REPLACE 244663000000 BY 22125740032 PHI 2110
6028 WS= ABS( 22125740032) PHI 2120
6030 WRITE (698501)LA,WStPErPM PHI 2130

C GO READ IN NEXT PACKAGE PHI 2140
6050 GO TO 2016 PHI 2150
7000 NMAX=NT PHI 2160 •.

c NMAX=MAX. NUMBER OF PARTICLEN+.1.
C YOU HAVE PROCESSEV ALL PACKAGES, ALL
C PARTICLES, NOW GO TO THE OUTPUT.

IFIAN(2))4051,4050,4051 PHI 2170 '

4050 N3=NRC PHI 2180
GO TO 40b0 PHI 2190

4051 NRC=NRC+I PHI 2200 •"
N3=NRC PHI 2210

C N3=NO. OF PARTICLE RECORDS OF
C N4 WORDS.

IF(PROB)4052#4052,4060 PHI 2220
4052 WRITE (N2)tAM(I),XL(I),YL(1),I1W(I),IW2(I),1=2,NPRI) PHI 2230
4060 N6=NMAX-(N4-1)*(N3-1) PHI 2240

NOPR=N3 PHI 2250
REWIND N2 PHI 2260 "-.
GO TO 10000 PHI 2270

Ic ERROR PHI 2280
9901 NK=2015 PHI 2290

GO TO 9999 PHI 2300
9902 NK=2017 PHI 2310

GO TO 9999 PHI 2320
9903 NK=2021 PHI 2330

GO TO 9999 PHI 2340
9904 NK=2022 PHi 2350

GO TO 9999 PHI 2360
9905 NK=2027 PHI 2370

GO TO 9999 -PHI 2380
9906 NK=2030 PHI 2390

GO TO 9999 PHI 2400
9907 NK=2040 PHI 2410

GO TO 9999 PHI 2420
9908 NK=2042 PHI 2430

GO TO 9999 PHI 2440
9915 NK=2060 PHI 2450

GO TO 9999 PHI 2460
9929 NK=3800 PHi 2470

GO TO 9999 PHI 2480
9930 NK=3818 PHI 2490

GO TO 9999 PHi 2500
9931 NK=3830 PHI 2510

GO TO 9999 PHI 2520
9933 NK=6026 PHI 2530

I
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GO TO 9999 PHI 24
9947 NK=6011 PHI 25501
9999 WRITE (6,8888)NK PHI 2560

iPRINT 8888,NK PHI 2570
CALL DUMP PHI 2580~

1,0000 RETURN PHI 2590
C FORMATS PHI 26001
8008 FORMAT (211,15vE13.5,5E10.5) PHI 261011i 8036 FORMAT(lHO7Xv,8HDENSITY 9Xt1P6E16.6) PHI 26201
8038 FQRMAT( 1HD7X,8HENERGY 9X,IP6EI6.6) -PHI 2630!
8040 FDRMAT( LHO7X,8HVELOCITY9X,1P6El6.6/IHO/) PHI 2640
8044 FORMAT(H /6H Ifl)=1214Xt5HJ(1)=1294Xt5HI(N)=12,4Xt5HJ(N)=12) PHI 2650

I 8100OFORMAT(IHO/1//2HOPACKAGE NO.13,120,i5H PARTICLES/CELL//33X,2HA114XPHI 2660,
l,2HA214X,2HA314X,2HA414X,2HA514X,2HA6) PHI 2670.

85OiOFORMATtIH3/128,2H (A3illH) PARTICLES22X,4HPE =lPE12.6,16X,4HPM =EIPHI 2680
12.6) PHI 269O'ý

8888 FORI4AT(23HlPH1 ERROR IN STATEMENTI5) PHI 2700

END PHI 2710
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$IBFTC PH2 LISTDECKREF
SUBROUTINE PH2 PH2 0010

CALCULATE THE PACKAGE GEOMETRIES PH2 0020
C PH2 0740
C PH2 0950
C PH2 0960
C GENERATING OR DELETING PARTICLES PH2 0970
C J=VALUE OF LAST COORDINATE READ IN.

JT=J PH2 0980
iC INITIALIZE OUTER BOUNDARIES.

GXN=XMAX PH2 0990
GYN=YMAX PH2 1000
GXX=0.0 PH2 10O
GYX=0.0 PH2 1020

C NPP=7(SET IN PHI).
DO 3700 J=1,JTNPP PH2 1030

c IWS STORED IN ITAB ARRAY IN PHl.
ic IF IWS=2(A TRIANGLE),IF=4(A RECTANGLE),
"C IF=6tA ELLIPSE OR CIRCLE. IF IWS=8,A

1C PERTURBED ELLIPSE. IF IWS IS LESS THAN
;C THESE VALUES, THE DEFINITION STILL HOLDS, BUT
1C NOW DELETE THIS GEOMETRY.

KK=(ITAB(J)-I)/2 PH2 1040
3007 IF(KK)9919,3010,3008 PH2 1050
3008 IF(KK-2)3100,320093009 PH2 1060
3009 IF(KK-4)3400,9920,9920 PH2 1070

C TRIANGLE PH2 ?080
C VERTICES CAN BE INPUTED IN ANY ORDERt

iC X COORDINATE FIRST.
1C SEARCH FOR THE LARGEST X(WSE) AND
c SMALLEST X(WSD).
C FIND MAXIMUM(WSE) AND MINIMUM(WSD) X COORDINATE PH2 1090

3010 IFITAB(J+I)-TAB(J÷3))3011,3012,3013 PH2 1100
3011 WSE=TAB(J+3) PH2 1110

WSD=TAB(J+l PH2 1120
GO TO 3014 PH2 1130

3012 TAB(J+I)=TAB(J+I)*l.0000001+1.OE-8 PH2 1140
3013 WSE=TAB(J+1) PH2 1150

WSD=TAB(J+3) PH2 1160
3014 IF(TABIJ+5)-WSD)3020,3019,3016 PH2 1170
3016 lF(TAB(J+5)-WSEJ3024,3017,3018 PH2 1180
3017 TAB(J*51=TAB(J+5)*1.0000001+I.OE-8 PH2 1190
3018 WSE=TAO(J+5) PH2 1200

GO TO 3024 PH2 1210
3019 TAB(J+5)=TAB(J÷5)*O.9999999-1.OE-8 PH2 1220
3020 WSD=TAB(J+5÷ PH2 1230

C ARRANGE VERTICES IN ASCENDING ORDER PH2 1240
3024 IF(TAB(J+2)-TAB(J+4))3036,3034,3O38 PH2 1250
3034 TAB(J+2)=TAB(J*2)*1.O000001+1.OE-8 PH2 1260

GO TO 3038 PH2 1270

./



3036 WSA=TAO(J+lI PH2 1280
MSB=TAB(J+2) P112 1290
TAB(J+1)=TAB(J+3) P112 1300
TAB(J4-2)=TAOIJ*4) P112 1310
TAB(J4.31WSA P112 1320
TAB( J+4)=WSB P112 1330

3038 IF(TAB(J+4)-TAB(J+6))3042,3040,3044 P112 1340
3040 TAB(J+6)4TAB(J+6)*O.9999999-1.OE-8 P112 1350

GO TO 3044 P112 1360
3042 IdSA=TAB(J4-3) P112 1370

WSB-TAB(J+4) PH2 1380
TAB(J43)=TAB(J*5) P112 1390

TABIJ+41=TAB(J+61 P112 1400SA8( J+5 )=WSA P112 1410
TAB(+6)WSOP112 1420

GO TO 3024 P112 1430
C WSF=MINIMUM VALUE QF Y
C WSG=MAXIMUM VALUE OF Y
3044 WSF=TAB(J+6) P112 1440

WSG=TAB (J+2) P112 1450
C, COMPUTE SLOPES P112 1460

SLA=ITAB(J+4)-TAB(J42))/CTAB(J+3t-TA8(J+1)) P112 1410
SLB=(TAOtJ.6)-TAB(J+2))/ITA!?(J+5)-TAB(J+1)) PH2 1480

3053 IIL-L)0492#58P112 1490
35 FSA)36599236 P112 15200

3054 IF(SLA)3056,9922,3056 P112 15200

302WSA=TAB(J+3) P213
WSB=TAB( J+4) P214
WSC=SLA P215
TAB(J431=TAB( Ji5) P216
TAB(J+4)=TAB(J+6) P217
SLA S LB P218
TA~t J.5)=bWSA P112 1590
TABI J+6)=WSB P112 1600
SLB=WSC P112 1610

3064 IF(TAB(J+3)-TAB(J+5))3066,9925,3068 P112 1620
3066 ITABfJ)=ITAB(J)t2 P112 1630

lhdS= flAB( J)-3 P112 1640
GO TO 3069 P112 1650

3068 IWS=ITAO(J)-1 P112 1660
3069 KE=J+1 P112 1670

KF=KE45 P112 1680
c REPLACE 272545000000 BY 25058082816 P112 1690

WS= ABS( 25058082816) P112 1700
lyE IWS)30729307093072 P112 1710

C REPLACE 242543000000 BY 21836333056 P112 1720
3070 WS= ABS( 21836333056) P112 1.730
3072 WRITE (698016)WSt(TAB(N)tN=KEvKF) P112 1740

WS=TAB( 4+2 )-SLB*TAB( J+i.) P112 1750
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TAB4J+l)=TAB1J42)-SLA*TAB(J+1b P112 1760
TAB(J+6)=(TAB(J+6)-TA8(J+4))/(TAB(J.5)-TAB(j+,3)) P112 1770
TAB(J+5)=TAB(J+4)-TAB(J+6)*[AB(J+3) P112 1780
TABI J.2i=SLA P112 1790
TAB(J+31=WS P112 1800
TABCJ4-4)=SLB P112 1810
GO TO03600 P112 1820

C RECTANGLE P12 1830
3100 ITABIJ)=ITAB(J).2 P112 1840

IWS=ITAB(J)-5 P112 1850
;C REPLACE 272545000000 B~Y 25358082816 P112 1860 .

&dS= ABSI 25058082316) P112 1870
lEE IWS)31.10,310593110 P112 1880

C REPLACE 242543000000 BY 21836333056 P112 1890
3105 W.S= ABS( 21836333056) P112 1900
3110 WRITE (6,8020)WSTAB(J*1),TAB(j+Z),TAB(J+3),TAB(J.41 P112 1910

WSD=TA8(J+1) P112 1920 -

WSE=TABI3J+2) P112 1930
WSF=TAB4J+31 P112 1940
WSG=TAB( J+4) P112 1950
GO TO 3600 P112 1960

C ELLIPSE OJR CIRCLE P112 1970
3200 IF(ABSSTA8(J+1I-TAB(J.2))-1.OE-8)330093300,3202 P112 1980
3202 IF(TAB(J+2))9926r3300,3203 P112 1990

C ELLIPSE WITH NO PERTURBATION P112 2000
3203 J'TAB(J)=ITAB(J)i-2 P112 2010

IWS=ITAB(J)-7 P112 2020
c REPLACE 272545000000 BY 250508OB316 PH2 2030

WS= ABSS( 25058082816) PH-2 2040
IF(IWS)32109 3205t3210 P112 2050

IC REPLACt 242543000000 BiY 2183633305t~ P112 2060
3205 WS= ABS( 21836333056) PH2 2070
3210 WRITE (6,8024)WSvTAB(J-31),tAB(J+2),TAt3(J+3),TAB(J+4) P112 2080
3215 WSD=TAB(J+31-TAB(J+1) P112 2090

WSE=TAB(J+3b+TAB(J+1) P112 2100
WSF=TAL3(J+4)-TAB(J+2) P112 2110
WSG=TAB(J44)+TABIJ+2[3 P112 2120
TAB(J,11=TAB(J,1)**2 P112 2130
TAB(J+2)=TAB(J+2)**2 P112 2140
GO TO 3600 P112 2150

C CIRCLE P226
3300 ITAB(J)=ITAB(J)+4 P112 2170

IWS=ITAB(J)-9 P112 2180
TAB(J2)=TAi3(J+1) P112 2190

C REPLACE 272545000000 BY 25058082816 P112 2200
WS= ABS( 25058082816) P112 2210
MIFWS)3310#3305033l0 P112 2220

C REPLACE 242543000000 BY 21836333056 P112 2230
3305 WS= ABS( 21836333356) P112 2240
3310 WRITE (6,8028)WSTAi3(J+l),TAB(J+3),TAB(J+4) P112 2250
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GO TO 3215 P112 2260
ELLIPSE WITH PERTURBATION P112 2270

3400 ITABiJ)=ITAB(J),4 P112 2280
WS-.1.O-(TAB(Jt5)/TAB(J+1) 11*2 P112 2290
'WSA=ITAB(J+7) P112 2300

OTA8(J*7)=(TAB(J+L)-TAa(J+4)-TAB(J+2J*SQRT(1dSI)J P12 2310ý
1 ((TAB(J+5)*(TAB(J4.5)-TAB(J.11))**2J P112 2320'
IWS=ITAB(J)-11 P112 '?330 i
KE=J+l P112 2340*
KF=KE+6 P112 23501

C REPLACE 272545000000 BY 25058082816 P112 2360.
WSA= ASS( 25058082816) P112 2370
IF(IWdS)3410,340593410 P112 2380"

C REPLACE 24254300000C BY 21836333056 P112 2390
3405 WSA= ASS( 218363330561 P112 2400
3410 WRITE (6qB032)WSAq4TAB(N)qN=KEKF) P112 2410
3415 IFIWS)99279992793420 P112 2420
3420 IF(TAB(J+3) )992893425,9928 P112 2430
3425 TAB(J+3)=TAB(J+71 P112 2440

*I TABI4J.71=IWSA P112 2450
WSA=TAO( J+2 )+TAB( J+2 )/4.0 P112 2460
IiSD=0*0 PH2 2470
WSE=TA8(J.1)+TABII+l1/4.0 P112 2480
WSF=TAB(IJ.4) -WSA P112 2490
WSG=TAB( J+4) 4WSA P112 2500

C DETERMINE BOUNDARIES OF GEOM4ETRIES P112 2510
3600 IF( WSD-GXN) 3602,3604, 3604 P112 2520

C MAXIMUM (X)
3602 GXN=WSD P112 2530
3604 IFEIdSE-GXX) 3608,3608,3606 P112 2540

C MINIMUM MX
3606 GXX=V4SE P112 2550
3608 IF(WSF-GYN)3610,3612,3612 P112 2560

c MAXIMUM (Y)
3610 GYN=IdSF 'VH2 2570
3612 lIt WSG-GYX)3700,3700,3614 P112 2580

C MINIMUM (Y)
3614 GYX=WSG P112 2590
3700 CONTINUE P112 2600

J=JT P112 2610
GO T 10000o P112 2620

C ER RO0R P12 2630
9919 NK=3007 P112 2640

GO TO 9999 P112 2650
9920 NK=3009 P112 2660

GO TO 9999 P112 2670
9921 NK=3053 P112 2680

GO TO 9999 P112 2690
9922 NK=3054 P112 2700'

GO TO 9999 P112 2710
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9923 NK=3056
GO TO 9999 PH2 2720

9924 NK=3058 PH2 2730
GO To 9999 PH2 2740

9925 NK=3064 PH2 2750
GO TO 9999 PH2 2760

9926 NK=3202 PH2 2770
GO TO 9999 PH2 2780

9927 NK=3415 PH2 2790
GO TO 9999 PH2 2800

9928 NK=3420 PH2 2810
9999 HRITE (6,68888)NK A PH2 2820

PRINT 8888,NK PH2 2830
CALL DUMP PH2 2840

10000 RETURN PH2 2850
8016FORMrlISOTRIN6LEPH2 28A0

8016 FORMAT1I---OTRIA-L A3,7i -------- lPcElo.6) PH2 28tJ8020 r-ORMAT(15HORECTANGLc --- A3,7H e------- 16El6.bj PH2 28808024 FORMAT(15HOELLIPS-E A3,7H -------IP6E16. ). PH2 28908028 FORMAT(I15HOCIRCLE A3, 71 ---- iPEi6.n,pX, 4L16.6) PH2 29008032 FORMAT(15HOP ELLIPSE --- A3, IH ------ P61 . PI)2 29108888 FOkMAT(23:1PH2 ERf;Ok IN STAICFmi- b) PH2 2920END 
PH2 2930

Io

N
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SIBFTC PH3 LISToDECKtREF

SUBROUTINE PH3 PH3 0010
C GENERATE (OR DELETE) THE PARTICLES PH3 002C
L PH3 0740
C PH3 0950
C PH3 0960
C PH3 0970
C SCAN CELL MESH TO DETERMINE IF PARTICLES ARE TO BE PH3 0980
C GENERATED OR DELETED PH3 0990
C G E t' E R A T E P A R T I C L E S PH3 1000
C SAVE CURRENT VALUES OF COUNTERS.

4000 IA=I PH3 1010
JA=J PH3 1020
IJ=K PH3 1030
SJT=L PH3 1040
IFIIX-1)9932,4010,9932 PH3 1050

4010 IF(MX-MNP)4012,4012,9935 PH3 1060
C IF GREATER, YOU TRIED TO GENERATE MORE THAN
C 400 PARTICLES / CELL.

4012 WS=MX PH3 1070
FMX=SQRT(US) PH3 1080
MXS=FMX÷.5 PH3 1090

4011 IF4MXS*MXS-MX)9936,4013,9936 PH3 1100
C IF(GREATER OR LESS) THE NO. OF PARTICLES / CELL
C THAT YOU REQUESTED WAS NOT N SQ. bHERE
C N IS FROM I TO 20.

4013 MXA=I-MX PH3 1110-
TFMX=.5/FMX PH3 1120
WPIDY=TPIDY/FMX PH3 1130

4015 IF(MXAJ4O18,4018,9937 PH3 1140
C IF GREATER, YOU HAVE FAILED TO SPECIFY THE
C NO. OF PARTICLES TO GENERATE.

4018 NY=NT PH3 1150
DO 5700 I=IXNIXX PH3 1160

C COMPUTE THE COORDINATE OF THE PARTICLE PH13 1170
C UNDER CONSIDERATION PH3 1180

WS5=DX(I)/FMX PH3 1190
C THE VOLUME OF THE SUBDIVIDED CELL =
C PI(-2.*XL(N)DY/N*DY/Nl.

TABX(I)=X(I)-TFMX*DXII) PH3 1200
4019 IF(MXA)4020,4024,9938 PH3 1210
4020 DO 4022 K=2,MXS PH3 1220

C WE START AT THE RIGHT AND TOP OF CELL(K).
C SET UP ARRAY FOR X COORDINATES OF THE
C PARTICLES.

4022 TABX(K)=TABX(K-1)-WS5 PH3 1230
C J LOOP, LIMITS OF Y FOR THIS PACKAGE.

4024 DO 5700 J=IYNPIVX PH3 1240
TAM=WPIDY*kS5*DY(J) PH3 1250

C TAM= 2PI/N*DX/N*DY
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E=0.0 PH3 1260
I IWS=O PH3 1270
1WS=O PH3 1280
18=0 PH3 1290
WS=DY(JI/FMX PH3 1300
TABYL 1)=YIJ )-TFMX*DY(J) PH3 1310

C MXS=N
DO 4026 K=29MXS PH3 1320

C SET UP ARRAY FOR Y COORD)INATES OF THE
C PARTICLES.
4026 TA8YiK)=TA83Y(K-1)-WS PH3 1330

C K USED FOR THE rELL QUJANTITIES.
K=(J-1J*IMAX+1+1 PH3 1340

4028 IBB=IB/MXS PH3 1350
18=18+1 PH3 1360
18A=MOD(18,MXS) PH3 1370

C TX=X COORDINATE OF PARTICLE [N QUESTION.
TX=TABX( 113A+1) PH3 1380

C TY=Y COORDINATE OF PARTICLE IN QUESTION.
TY=TABY(IBFB+ll PH3 1390

C GENERATE Cý DE-LE-TE THE PARTICLE PH3 1400
10=0 PH3 1410
I G=0 PH3 1420
DO 4200 L=1,JAtNPP PH3 1430
KK=ITAB(L) PH3 1440
IF(KK-5)4062,407894078 PH3 1450

C TRIANGLE PH3 1460
4062 WSX=(TY-TAB(L+1))/TABLL+2) PH3 1470

IF(WSX-TX) 4064,4064,4200 PH-3 1480
4064 WSX=fTV-TA8(L+3i)/TA8(L+4) PH3 1490

lW(WSX-TX) 4200,4066,4066 PH3 1500
4066 WSY=TA8(L+6)*TX+TAbiL.+5) PH3 1510

IF(KK-2 )4068,4068,4072 PH3 1520
4068 IF(WSY-TY)420094070,4070 PH3 1530
4070 GO TO (4074,4076,4074?40Y6)?KK PH3 1540
4072 IF(WSY-TY)407094070,4200 PH3 1550
4074 ID1l PH3 1560

GO TO 4200 PH3 1570
4076 IG=1 PH3 1580

GO TO 4200 PHl3 1590
4078 KK=KK-4 PH3 1600
4077 IF(KK-814079v409499939 PlH3 1610
4079 GO TO (4080,4080,4O90,4090,4092*4092i4094)?KK PH-3 1620

C RECTANGLE PH3 1630
4080 IF(TA8(L+-1J-TXJ4082v4O82i4200 PH3 1640
4082 lF(TA8(L+2)-TX)42O0,4O84,40C4 PH-3 1650
4084 lFlTA8!L+3)-TY)4086,408664200 PH3 1660
4,086 iF(TAB(L-+4)-TY)4200?4088,4G88 PH3 167C
408B GO TO L4074,407v6?,WI PH3 1680

CELLIPSE WITH NO PERTURBATION PH3 1690
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4090 KK=KK-2 PH3 1100

IF4(TX-TAB(L+3))**2/TAB(L+1)*(TY-TAB(t..44))**2 PH3 1710
1/TABI L42)-1. 0)4088,4088,4200 PH3 1720

C CIRCLE PH3 1730
4092 KK=KK-4 PH3 1740

OIF((TX-TAB(L+3))**2+(TY-TABIL+4))**2-TAB(L,1,) PH3 1750
1 4088,4088,4200 P113 1760

C ELLIPSE WITH PERTURBATION PH3 1770
4094 )KK=KK-6 PH3 1780

OlF(ITX/TAB(L+1))**2+(TY-TAB(L+4J-TAB(L,3)*(TX* P113 1790
3. fTX-TAB(L+1)))**2)**2/TAB(L+2)-1.0)4088,4088,4200 PH3 1800

4200 CONTINUE PH3 1810
C IF 10)=1 DELETE PH3 1820
4201 IF(ID)994094310,4800 PH3 1830

C IF 10=0 AND IG=0 DELETE PH3 1840
4310 IF(IG)9941,4800,4312 PH3 1850

C GENERATE PARTICLE PH3 1860
4312 NY=NY+l PH3 1870

IFL IIWS)23,22v23 PH3 1880
22 IIWS=1 PH3 1890
23 IWS=1 PH3 1900

NYY=NYY+1 PH3 1910
CALL P114 P113 1950

C RETURN FROM PH4 WITH THE FOLLOWING DATA,
C WSR=PARTICLE DENSITY
C iWSI=PARTICLE SPECIFIC INTERNAL ENERGY
C WSU=RAOIA. VELOCITY COAIPONENT OF PARTICLE
C WSV=AXIAL VELOCITY COMPONENT OF PARTICLE
't332 N=NYY PH3 1960

IF(IIWS)4335t4335t24 PH3 1970
24 IIWS=-'& PH3 1980,,

4333 IF(AMX(K)H995194335,#4334 PH3 1990
C CALCULATE PACKAGE ENERGY.
4334 E=4(U(K)**2+V(K)**2)/(AMX(K)))*.5+AIX(K) PH3 2000

C SET THE PARTICLE COORDINATES INTO THE
C PROPER ARRAYS.
4335 XLIN)=TX PH3 2010

YL(N)=TY PH3 2020
C SET I AND J OF CELL K(LOCATION OF PARTICLE)*

IWI(N)=I PH3 2030
1W2(NI=J PH3 2040

C CALCULATE PAR11CLE MASS AS
c =2PI/N-*DX/N*ODY*XL(N)*RHO*

AMNI)=TAM*TX*WSR PH3 2050
'4341 IFIWX199459,~342,434/, PH3 206U
4342 WS=AM4N)*WSI P43 2070

IF(AN(NI-'ANtIM16,15, 15 PH3 2080
16 A,40M=AMiNi P113 2690
15 CONTINUE PH3 2100

PM=PM+AM( N) PH3 2110



192. .
AM)=.Ail(N) PH3 2120 .
lf'AI44Nl-AMXM)18v17tl7 P13 2150

18 AMXM=AM(N) P113 2160
17 AIX(K)=AJX(K)+WS P113 2170

Pt4=P14+AMi N) P113 2180
C SUM UP MASS, BOTH C6MPONENTS OF IMOMENTA
C AND TOTAL INTERNAL ENERGY IN CELL K.

AMX(K)=AMX(K)+AM(N) P113 2190
4346 U(Kl=U(K)4-ABS(AM(N))*WSJ P113 2200

V(K)=V(K)+ABS(AiM(l,4))*WSV P113 2210
IF(NY-NPRR)4800914,99't5 P?43 2220

j 14 NRC=NRC+l P113 223,0
NPRR=NPRR+NPR[-1 PH-3 2240
IF(PRDB)50O0,500095001 P113 2250

C WRITE PARTICLES OiN TAPE IF THIS IS TO
C BE A PIC RUN.
5000 viRlTE (N2)(AM(N),XL(N),YL(N),1is(Ni.,l'?2(N),N=2vhPRI P13 2260
5001 NYY=1 Pf43 2270

3 DO 2 N=?.,NPRI P113 2280
C SET PARTICLE ARRAYS To L~kOo

XL(N)=0.0 P113 2290
YL(N)=0.O P113 2300
AM(N)=0.0 P113 2310
IWltN)=0 P113 2320
Ili2(Ni=0 Pti3 2330

2 CONTINUE PH-3 2340
4800 IU(MX-AL)9946v488(iv4O28 PH3 2350
C LC UL A T E E N It kGY FO0R P KG P13 2360

480 F(IWS)4900,5700,4900 P113 2370
4900 IF(AMX(K))9951,5700,4910 P113 2380
4910 PEE=(U(K)**2+V(K)v'*2)/(AMX(K) )*,5tAIX(!,) P113 2390
4930 IF(E)4950t4--:i 4940 Pf13 2400
4940 PEE=PEE-E P113 2410
49~50 PE=PE+PEE P113 2420

5700 CONTINUE P113 2430
11IA P~i'3 2440

*J=JA P113 2450
K=IJ P113 2460

*L=JT P113 2470
GO TO 10000 P113 2480

C E RRO0R P8-3 2490
9932 NgK4000 P113 2500

GO TO 9999 P113 2510
9935 NK1,4010 P113 2520

GO TO 9999 P113 2530
9936 NK=4011 P113 2540

GO TO 93'99 P143 2550
9937 NK=4015 P113 2560
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GO TO 9999 PH3 2570
9938 NK=4019 PH3 2580

GO TO 9999 PH3 2590
9939 NK=4077 PH3 2o00

GO TO 9999 PH3 2610
9940 NK=4201 PH3 2620

GO To 9999 PH3 2630
9941 NK=4310 PH3 2640

GO TO 9999 PH3 2650
9945 NK=4341 PH3 2660

GO TO 9999 PH3 2670
9946 NK=4803 PH3 2680

GO TO 9999 PH3 2690
9951 NK=4905 PH3 2700
9999 WRITE (6,8888)NKvIJ(tLMtN PH3 2710

PRINT 8888,NK*IJKLtN PH3 2720
CALL DUMP PH3 2730

10000 RETURN PH3 2740
8888 FORMAT(lH÷/26H1 P H 3 ERROR IN STATEMENTI5,12Xv12H INDICES ARE617)PH3 2750

END PH3 2760

Ir
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$1BFTC PH4 LISTDECKREF

SUBROUTINF PH4 PH4 0010
SC PH4 0730

IC PH4 0940

C THE ACTUAL COORDINATES USED IN THE FIT
C SUBROUTINES IS TrX=TX-XC,TTY=TY-YC.

TTX=TX-XC PH4 0950
TTY=TY-YC PH4 0960
LL=S8 PH4 0970 4

GO TO(1,2,3,4,5,61,LL PH4 0980
1 CALL FITI PH4 0990

GO TO 7 PH4 1000
2 CALL FIT2 PH4 1010

GO TO 7 PH4 1020
3 CALL FIT3 PH4 1030

GO TO 7 PH4 1040
4 CALL FIT4 PH4 1050

SGO TO 7 PH4 1060
5 CALL FIT5 PH4 1070

GO TO 7 PH4 1080
6 CALL FIT6 PH4 1090
7 RETURN PH4 1100

END PH4 1110

SUBROUTINE PH4 DETERMINES WHICH ONE OF THE

SIX POSSIBLE FITS TO CALL FOR, TO ASSIGN A DENSITY
ENERGY, AND VELOCITIES TO PARTICLE N. THE FIT NUMBER
IS SPECIFIED IN COLUMNS 31'40 OF THE FIRST CARD
OF EACH PACKAGE(SEE SECTION 2.1)



SUBROUTINE Fill FITOIO 0

C FIT10730
C FIT10940

WS=SQRT (TTX**2+TTY**2) FIT10950 A
C DENSITY FIT10960

WSR=TABR( l)+TABR(2)*(TTY-TABR( 3)) FIT10970

c ENERGY FIT10980
WSI=TABI(lh+TABI(2)*(TTY-TABI(3)I FiT10990,f

C VELOCITIES FIT11O000
WS=TABUVII)+TABUV(2)P TTY-TA8UV(3)) FIT11OIO
WSUO 0.0 FIT11020
WSV=WS F 1111030
RETURN FIll 1040
END FIT11050

$IBFTC FIT2 LISTDECKvREF
SUBROUTINE FIT2 F 1120010i

~- C FIT20730

c FIT209401

WS=SQRT (TTX**2+TTY**2) F 1120950*
C DENSITY FIT20960 '

WSR=(ITTX-TABR(1))/TABR(2J)**2+((TTY--TABRE3))/ FIT20970f

1TABR(4)1**2 FIT20980
C ENERGY F 1T20990 1

WSI=TABI(1)4+TAB1t2)*TTX+TA8I(3)*TTX**2 FIT21000
1+TABI (4)*TTY.TABI(5)*TTY**2 FIT21010O

C VELOCITIES F1T21020ý
WSV=TABUV(1) +TABUV( 2)*TTY FIT2 1030ý
WSU=TABUV(3)+TABUV(4)*TTY F1T21040ý
RETURN FIT21050

END FIT21060



c)6.

$I8FT(. FIT3 LISTDECK,REF
SUJBROUTINE FIT3 FIT30010

c FIT30730
c FIT30940
C THIS FIT FOR SIN KZ/KZ *~****

WS=SQRT(TT'X**2+TTY**2) F 1T30950
c DENSITY FIT30960

WSR=TA8R(1)+TABR(2)*(TTY-TAi3R(3)I
WSA=TTY/TABI (2)
WSB=WSA*PIDY*2.
WSC=SIN(WSB)
WSI=WSC/WSA*TABI 4 )
jW5zTABU V(1) +TABU V(2) *4TTY-TABUV( 3))
WSU=Oc
WSV=WS
WSI=WSI*TABI(3)

c TABI(3) US SCALE FACTOR FOR YIELD NORMALLY SET TO 1.
RETURN
END

SIBFTC FIT4 LISIDECKREF
SUBROUTINE F114 FI1T40010
RETURN FI1T40020
END FIT40030

$lBFIC FIT5 LISTvDECKqREF
SUBROUTINE FIT5 F 1T50010
RETURN FIT50020
END FIT50030

SIBIFTC FIT6 LISTIOECKgREF
SUBROUTINE FIT6 F 1T60010
RETURN FIT60020
END F 1T60030



$IBFTC OUTPUT LISTDECK&REF
SUBROUTINE OUTPUT OUTPOOO

C C 0 M M 0 N INPUO720
C L A M **** 0 U T P U T ****** OUTPOO2O
C OUTPOO30
C OUTP0750
C NOTE (I MATERIAL ONLY ((X)) OUTP0960
C OUTP0970
C PACKAGES HAVE BEEN READ IN AND PROCESSED OUTPO980
C COMPUTE TOTAL ENERGIES AND TOTAL MASSES OUTPO990

E=ETH OUTP1000
WRITE (6t8104) OUTP1OlO

7001 ND=ND+I OUTP1020
IFIE)600060006001 OUTP1O30

6000 AMDM=O.O OUTP1O04
AMXM=0.0 OUTP1050
GO TO 7016 OUTP1O60 i

6001 AMDM=AMDM/2.0 OUTPIO70
AMXM=AMXM/2.0 OUTP1O8O

7013 IF(AMDM)9901,990197014 OUTPlO90
7014 IF(AMXM)9902,9902,7016 OUTP1100
7016 ETH=O.0 OUTP1110

TMDZ=0.0 OUTPl120
TMXZ=0.0 OUTP1130
DO 7012 I=2 9 KMAX OUTP114O

7005 IF(ANX(I))9904T701297006 OUTP15O0
7006 CONTINUE OUTP1I60

C SUN UP TOTAL (XI MASS IN GRID.
TMXZ=ANX(II+TMXZ OUTP1170

C CALCULATE SPECIFIC INTERNAL ENERGY/CELL (K).
AIX(II)=AIX(|)/AMX(1) OUTP1180

7008 WS=AHX(I) OUTP1190
C, CALCULATE RADIAL AND AXIAL VELOCITIES BY
C CONSERVING BOTH COMPONENTS OF MOMENTA.

UII)=UII)/US OUTP1200
V(I)=V(I)/WS OUTP121O

C SUM UP TOTAL ENERGY IN SYSTEM.
ETH=ETH'(tU(UI**2÷V(I **2)/2.0OAIX(II)*WS OUTP1220
GO TO 7012 OUTP1230

7012 CONTINUE OUTP1240
TIZ=TMDZ4Tt XZ OUTP1250
WRITE 16#8072)ETHEtTMDZ*TMXZtTMZ OUTP1260
IWS=ND-1 OUTP1270
IWSA=NNAX-NO OUTP1280
IWSB=NMAX-1 OUTP1290
WRITE (6,8073)(IWS,*IWSAtIWSB) OUTPI300

C PUT INPUT ON BINARY TAPE 7 OUTP1310
7113 REWIND N7 OUTP1320

C OUTP1330
C WRITE TAPE FOR OIL CODE.



C OUTP1350 $
IF(PROBI7162,7162,7163 OUTP1360

7163 N3=O OUTP1370
7162 WS=555.0 OUTP1380

WRITE (NT)WSCYCLEtN3 OUTP1390
WRITE (NT)4Z(I),I=l*MZ) OUTPI400

7131 WRITE (N7)(U(K),ViK),AMX(K),AIXIK) 9 AIX(K),K=1,KMAXA) OUTPI4IO
GO TO 7140 OUTP1420

7140 CONTINUE OUTPI430
WRITE (NT)X(0),(X(K)vTAU(K)qK=lIMAX) OUTP1440
WRITE (NT)(YIKIK=OJMAX) OUTP1450
WS=666.0 OUTP1460

C OUTP1470
C WRITE PARTICLES ON DUMP TAPE FOR PIC RUN.

IFIPROB)715097L507161 OUTP1480
7150 DO 7160 I=,N3 OUTP1490

READ (N2)(AM(NhtXLiN),YLINJeIWIIN),IW2(NlN=2,NPRI) OUTPI500
WRITE IN7)(AM(N),XL(N)tYL(N),IWI(NhIlW2(NN=2,NPRI) OUIP1510

7160 CONTINUE OUTP1520
7161 WRITE (N7)WS*WS$WS OUTP1530

REWINO N7 OUTP1540
WRITE (6,8120)TPNC OUTP1550
IWS=INAX*JMAX÷I OUTP1560
CALL SLITE (0) OUTP1570
DO 7517 I=1,IMAX OUTP1580
CALL SLITE (1I) OUTP1590
J=JMAXA OUTP1600
K=IWS4I OUTP1610
00 7517 JP=1JMAX OUTP1620
J=J-1 OUTP1630
K=K-!NAX OUTP1640

7170 IF(AMXIK))9905,7517,7175 OUTP1650
7175 CALL SLITET(1,KOOOFX) OUTP1660

GO TO(718097185),KOOOFX OUTP1670
C PRINT OUT CELL QUANTITIES.

7180 WRITE (6,8080)IvX(I),DX([) OUTP1680
71850WRITE (6,8084)J*Y(J),DY(J),U(K),V(K), !J(K)vAIX(K)OUTP1690

JV(K)*AMX(K) OUTP1700
7517 CONTINUE OUTP1710

IF(QOOOFL)7520,7520,7616 OUTP1720
7616 REWIND N2 OUTP1730

GO TO 7520 OUTP1820
C ERROR OUTP1830

9901 NK=7013 OUTP1840
GO TO 9999 OUTP1850

9902 NK=7014 OUTP1860
GO TO 9999 OUTP1870

9904 NK=7005 OUTP1880
GO TO 9999 OUTP1890

9905 NK=7170 OUTP1900



99.

lit 9999 WRITE (6,8888)NKIvJ#X*Lpt4,N OUTP1910
PRINT 8888tNKItJ##KLvMqN OUTP192O '
CALL DUMP OUTP 1930~

7520 RETURN OUTP1940
C FORMATS OUTPI95O,
80720FORMAT( LH 11/16H1 THE =lPE16.9t7Xv3HE =E16.91//*5H M. =Ell.5t5Y94HMXOUTP1960~

1 =El1.5,7X,7H14.+IX =EIl.5) OUTP1970 1
8073 FORMAT(IHO/I7HOPARTICLES -I--12,411 00T11492H X114#6H TOTAL) OUTP19801
808010FOR514AT( 1HOIII3HOI=12,1OX.2HX=L-PEI3.7,IOX,3HDX=E13.T/3H0 J10XV1HY13OUTP1990O1

1XZHOY12XIkIU13XliHVI2X,3HAID1lXp31IAlXliX,3HAMDIIX,3HAMXI OUTP20001jI, 8084 FORMAT(I3v3X,1P8E14.*? OUTP2010:
8104 FORMAT(IH 1331H THERE ARE NO MORE PACKAGES--i OUTP2060.
8120 FORMAM~H ///18H1 TAPE DUMP AT TIMEFIO.1,7Xv5HCYCLEI4J OUTP2O7O,
8888 FORMAT41)1H*26H1OUTPUT ERROR IN STATEMENT15sl2X12H INDICES ARE6I7)OUTP2O8O,

END OUTP2O9Oý



10..2. 
FORTIRANi IV LISTIG13 OF OfT.

C * NOrETHE FOLLOWING SET OF DIMENSIONSCOMMON
C AND EQUIVALENCE CARDS ARE TO BE USED FOR ALL
C SUBROUTINES WITH THE EXCEPTION OF MAIN AND CARDS.

U I M E N S, I U N PH2 0020
c P112 0030

DIMENSION AM(1301, XL(130)9 YL1130), PH2 0040
IU( 3530) ,V(3500) ,AMX(3500) ,AIX(3500), PH-2 0050
2P(3500)t P112 0060
3 1W11130), 1W2(1301, P112 0070
40X(52)? X(53)v XX(54)9 oy(100)o Y(100)1 YY(101l)t PH2 0080
5TAB(15), AMK(15)t PK(15)9 QK115)v Z(150), 11(150)9 P112 0090
6TAU(52), P1(200), PR(200ht 1)(200), UR(20O)t P1-2 0100
7FLEFT(100),,YAMC(100)t SIGC(100), GAMC(100) P112 0110
COMMON Z ,XX ,UR ,PR ,yy P112 0120
COMMON AID ,AIX wAM iAMD ,AMX ,AREA P112 0130
COMMON BIG ,BOUNCE ,0DXN vDDVK ,DKE 9OVK P112 0140
COMMON DX ,DY 9E tFDi ýFS vFX P112 0150
COMMON OUT ,P ,PABOVE ,PBLO ,PIDTS ,PfAESOV P112 0160
COMMON PRR ,PUL ,QDT. * RC ,REZ 'RHO P112 0170
COMMON RL#RR,SIG,QOOOFLtSWITCH ,TABLM P112 0180
COMMON TAU ,TAUDTS ,TAUDTX vU ,UK ,URR P112 0190
COMMON UT IUU IUUU tUTEF ,UVMAX ,V PH2 0200
COMMON VABOVE vVBLO YVEL tVK ,VT ,VTEF P112 0210
COMMON VV ,VVA8OV ,VVBLO 9W2 9W3 ,wPs P112 0220
COMMON WS ,WSA ,WSB tWSC ,XL ,XLF P112 0230
COMMON XN ,XR 9YL ,YLW ,YN ,yu P112 0240
COMMON ZMAX ,1 ,11 ,IN 9IR ,IWS P112 0250
COMMON IWSA ,IWSB ,IWSC OIwl ,J ,JN P112 0260
COMMON JP ,JR ,K sKN 9KP ,KR P112 0270
COMMON KRM ,L tN vMA tMB ,MC P112 0280
COMMON MD ,ME ,MZ ,N tNK ,NKMAX P112 0290
COMMON NK1 ,NO 9NR 91W2 P112 0300

C P112 0390
C P112 0400
C E Q U I V A L E N C E P12 0410
C P112 0420

OEQUI VALENCE (Z,lZ,PROB), (Z(2hvCYCLE)t (Z(3190T)t P112 0430I. (L(4)#PRINTS~i (Z(5),PRINTL), (Z(6),DUMPT7)9 (Z(7),CSTOP), P112 0440
2(Z(8),?PDY)v (L(9)gTmz), (Zf10),GAM)t (L(11),GAMD)t P12 0450
3(Z(12)vGAMX), (Z(13)9ETH)q (Z(14),vFA), (Z(153,FFB)t PH2 0460
4(Z(16)irTNDZ)v (Z(17),TMXZ)v (Z(18,oXMAX), (Z(19)#TXMAX)i P12 0470
5(Z20)9TYMAX), (Z(21),AMDM)i (Z(22)tAMXM), (Z(23),D-NN)v P112 0480
6(L(t4)-,DMIN)t tL(25),FEF)i (Z(26),DTNA)p (Z(27),CVIS), P112 0490
7(Z(28)tNPRI% (Z(29hvNPRI), (Z(3ObgNC)t (Z(31LhNPC)i P12 0500
8(Z(32hgNRC), (L(33),IMAX)v 4Z(34),liIAXA), (Z(35hvJMAX)v P12 0510
9(Z(36)PJNAXA)t (Z(371,KMAX)e (1(38)vKM.AXAI, (Z(39)tNMAX) P112 0520



OEQUIVALENCE (Z(40)vND), (Z(4,1JKDT)t LZ(42),IXMAX), P112 0530.
I((3,O1 (Z(44),NOPRI, (Z(45)9NIMAX), (Z(46),NJMAX)v PH2 0540~

2((47)111)11 (Z(48)vI2hp (Z(49)913)9 (Z(50)914), P112 0550k
3(Z(51IhNl)v (Z(52),N2)9 dZ(53),N3), (L(54)tN4), P112 0560
4(Z(55),N5), (Z(56)vN61, (Z(57),N7), (Z(58)9N8)9 P112 0570
5(Z(59)tN9)1 (Z(60),NIO), (1(61)vNllI, (Z(62)tNRM), P112 0580'
6(Z(63)tTRAD)t (Z(64)vXNRG), (Z(65),SN)o (Z(66)',OXN)t PH2 0590
711(67),RAOER), (Z(68),RAOET), (Z(69)vRADES), (Z(70),DTRAD), P112 0600'
S(Z(71),REZFCTI, (Z(72),RSTOP), (Z(73)PSHELL), (Z(74hBO9OUND)tP112 06109(Z(75)tTOZONE), (Z(76)qECK), (Z(77),SBOUND), (Z(78)7Xl) P112 0620
OEQUIVALENCE (Z(79)vX2)t (Z(80),Yl), (Z(811,Y2)9 PH?! 0630I (Zf82)tCABLN), (Z(83),VISC), MZ84),T), (Z485),GMAX), P112 06402(Z(86),WSGDbt (Z(87)vWSGX), (Z(88),GMADR), (Z(89),GMAXR)t PH2 0650
3(Z(903,51), (Z(91)tS2), (Z(92)vS3), (Z(93),S4), PH2 0660
1t(Zf94)vS5)v (Z(95)vS6), (l(96htS7)9 (Z(97),S8), P112 0670
5(Z(98),S9)v (Z(99),S1O) P112 0680

C P112 0690
OEQUIVALENCE (.yX(2)tX%(11), (URtULFLEFT)i (UR(10O)bYAMC),P112 0700
1(PR(100),SIGC),(PRPL,GAMC)t'UR,TAB), P112 0710
2(UR(16bAMK)v (UR(31'),PK), (UR(46),QK)t (YY(23,Y(l)) P12 0720

c PH2 0730I. P12 0740

C NOTE, THERE ARE 2 SPECIAL SUBROUTINESIFORTRAN 4) USED
C IN THE OIL CODE, SUBROUTINE SLITE SERVES THE SAME FUNCTION
C AS TURNING ON SENSE LIGHTS# AND SLITET SERVtES THE
C FUNCTION OF TESTING TH-E SENSE LIGHT-S.
C
C
C NOTE, IF AN ERROR(SEa THE END OF THE SUBROUTINES) OCCURS, THE
C SUBROUTINE WILL CALL FOR A DUMP. BY CHECKING THE
C VAU%- OF NR AND NK , ONE CAN READILY IDJENT[FY THE
C STATEMENT NUMBER AND THE SUBROUTINE WHERE THE ERROR OCCURRED.
C
C NK WILL CONTAIN THE STSTEMENT NUMBER, AND NR IS
C AN IOENTIFATION FOR THE SUBROUTINE AS FOLLOWS,
C NR=1 INPUT
C NR=2 CDT
C NR=3 PHI.
C NR=4 P112
C NR=6 EDIT



102.

$IBFTC MAIN LISTDECKREF
CMAIN MAINOOIO
"C MAINOO20
C •**** NOTE I MATERIAL ONLY (Xl) ****** *** MAINOO3O
C MAINOO5O
C INPUT READS OIL DUMP TAPE OR r

SC WiLL CALL SUBROUTINE SETtUP WHICH
C WILL MAKE A DUMP TAPE FOR CERTAIN TYPES OF PROBLEM
C (SEE SECTION ON SETQUP)
C ALSO CALCULATEZ, DX AND DY AND EQUATION Ot STATE DATA

CALL INPUT MAINO060
C CDT ROUTINE CALCULATES DT(HYDRO TIME STEP)
"C AND PRESSURES, ADVANCE CYCLE NO. ETC.

10 CALL CDT MAINOO70
C IN EDITs DETERMINE WHETHER TO EXECUTE A LONG
C PRINT, A SHORT PRINT, A TAPE DURPt ETC. AND
C CALCULATE T3TAL ENERGY IN SYSTEMICOMPARE
C WITH ETH) TOTAL MASS, INTEGRATE TOTAL
C COMPONENTS OF MOtLNTA.

CALL EDIT MAINO000
CALL SLITET(lvKOOOFX1 MAINO090 -

C SENSE LITE I SIGNIFIES THIS
C IS THE LAST CYCLE OF THIS RUN $$%$$$$$$$$$SS$
C LITE TURNED ON IN THE EDIT ROUTINE ****,

GO TO(30,20),KOOOFX MAIN0100
C PHI, INTEGRATE THE-MOMENTA EQS. INTEGRATE
C ENERGY EQUATION(ONLY CHANGES DUE TO WORK
C TERMS). NO MOVEMENT OF PASS HERE

20 CALL PHI MAINOIIO
C TRANSPORT MASS ACROSS BOUNDARIES (SOLVE
C MASS TRANSPORT EQ.) TRANSPORT TERMS IN
C THE MOMENTA AND ENERGY EQS. LE'T OUT OF
C PHI 9 HERE APROXIrATED BY MASS MOVEMENT. CONSERVE
C MASS, MOMENTA AND TOTAL ENERGY.

CAL0 PH2 MAJNO120
C NAINO13O
c CMAINO1O

GO TO 10 MAINOlO
30 CALL EXIf MAINOL60

END MAINO170



S $lBFTC INPUT LISTrDECKREF
SUBROUTINE INPUT INPU0010

C INPU0760
C INPU0900
C TURN ON SENSE LITE 3.

CALL SLITE (3) INPU0980
C INPU0990
C READ HEADER CARD (COLUMNS 2-72).

READ (5,8004)IWS INPULOOO I
WRITE (6,8004)IWS INPUOIGO

C CALL DATA.
6 CALL CARDS INPUIO20

C IF PK(3) = OR GREATER THAN ZERO, CALL ROUTINE
C SET-UP, OTHERWISE, BINARY OIL TAPE HAS BEEN MADE.
C READ IN DATA FROM OIL DUMP TAPE, OR
C GENERATE A DUMP TAPE FOR OIL, AND
C CALCULATE DX AND DY FROM THE X AND
C Y VALUES FROM TAPE.

IFiPK(3))8687,8888,8888 INPUI030
8888 CALL CARDS INPU1040

CALL SETUP INPU1050
8887 CONTINUE INPU1060

C INPU7IOT
C READ TAPE INPULO80
C GO READ BINARY IAPE.

GO TO 1000 INPUI090
C INPULIO0
C READ IN REMAINING INPUT CARDS INPUI1lO

10 CONTINUE INPUI120
CALL CARDS INPUII30
GO TO 2000 INPUI140

C INPUIlSO
C SET THE PRESSURES TO ZERO.

40 DO 45 K=l 9 KMAXA INPU1160
; 45 P(KI=3.0 INPUI170

C INTEGRATE BACKWARDS ON CYCLE, TIME AND NO. OF
C CYCLES BETWEEN ENERGY CHECK, SINCL THESE
C ARE ADVANCED IN CDT.

T=T-DTNA INPU1I80
NC=NC-1 INPUI190
CYCLE-:NC INPU1200
NPC=NPC-1 INPUI210
UVMAX=0.O INPUI220

C CALCULATE THE DX'S, SINCE THESE ARE NOT ON
C TAPE.

DO 50 I=lv!MAX INPU1230
150 DX(I)=X(I)-X(f-1) INPU1240

C CALCULATE THE DY'S, SINCE THESE ARE NOT ON
C TAPE.

DO 55 J=1,JMAX INPU1250



104.

55 DYWJ)=Y(J)-Y(J-1) INPU1260
J=MZ-8

C PRINT Z BLOCK,
62 DO 80 1=19J98

K=I+7 INPUI290
DO 65 J=IK INPU1300
IF(Z(J))70t65,70 INPU1310

65 CONTINUE INPUI320
GO TO 80 INPUI330

70 K1I+7 INPUI340
WR!TE (6t8111)I'viZ(LJ#L=IvK) INPUI350

80 CONTINUE INPUI360
GO TO 10000 INPUI37O

C INPd1380
C, INPUI390
C, INPU1400
C READ BINARY TAPE.

W000 MZ=150 INPU1410
IWS=O INPUI420

1003 REWIND 7
1004 READ(7)PRý19PR(2)tN3

NR=N3+5 INPUI450
1006 IFIPR(L)-555.0)1OIO10161010 INPUI460
1010 IWS=IWS+1 INPU1470
1011 IF(MOD(IWS,3))9902,9902,1003 INPUI480
1016 IF(PR(2))110191018,1018 INPU1490

C CHECK HERE FOR THE CORRECT CYCLE NUMBER.
1018 IF(PK(2)-PR(2)1023t1023vl020 INPUI500

C SKIP OVER, LOOK AT NEXT CYCLE.
1020 00 1022 L=2vNR INPUI510
1022 READt7l

GO TO 1004 INPU1530
1023 READ(7)(Z(I),I=itMZ)

C CHECK FOR THE CORRECT PROBLEM NO.
IF(ABS(PROB-PK(li)-.OI)1024,1024,9901 INPU1550

1024 READ(7)(U(I~tV(I)tAMX(IIAIX(I),P(I)I=IKMAXA)
READ(7)X(O)9(i•(I)tTAU(I)tI=lIMAX)

READ(T)(Y(lI),I=OJMAX)
C NOTE9 INITIALIZE NI TO 2rAND N2 TO 3
C NOTEqNl AND N2 ARE ONLY USED FOR BOOK-KEEPING ******

NI=2
N2=3
NOTE, IF PROBLEM NO. IS NEGATIVE, THIS IS

C A PIC TRANSPORT, CHECK YOUR P42 ROUTINo,
C AND READ THE PARTICLES FROM TAPF ONTO

f C SCRATCH TAPE N1.
IFiPROB)19191034 INPU1590

I REWIND 2
REWIND 3
DO 1025 .=IN3 INPUI620I.



II5
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READ(7)(AMIN),XL(N),YL(N),IHWI(NhIW2IN) N=2,N4)

WRITE(ZI(AN(N)IXL(N~tYLIN)IIWI(N),IW2(N),N=2,N4)
1025 CONTINUE INPUI650
1034 READ(7)PR).)I,PR(2),PR(3)

• REWIND 2
1 036 IF(PR(l)-555&0)9O404lO40qI038 INPUI680

1038 IF(PR(2)-666.0)9905vI040,9905 INPU1690
1040 GO TO 10 INPUI700

C**** END OF READ TAPE ****4******************** *******************INPU1710
C INPU1720
C INPUI730
C CALCULATE MAX. GAMMA ANM GAMMA/(GAMMA-1I..
C INPU1740

2000 IF(WSGX)9906t2010,2005 INPUI750
2005 GAMX=I.0/(WSGX-1.0 INPU1760
2010 WSGX=(GAMX+1.0/GAMX INPU1770

GMAXR=GAMX*WSGX INPU178O
2012 IF(WSGD)9907,2020,2015 INPUI790
2015 GAMO=I.0/(WSGD-1.O) INPUI800
2020 WSGD=(GAMD+1.0)/GAND INPU1810

GMADR=GAMD*WSGD INPUI820
GMAX=WSGD INPUI830

SIF(WSGD-WSGX)2025,2030,2030 INPUI340

2025 GMAX=WSGX INPU1850
2030 GO TO 40 INPUI860

SC INPULS80
SC INP•t890

c CERROR INPUI90
9901 NK=1023 INPU1910

GO TO 9999 INPUI920
9902 NK=1OI1 INPU1930

GO TO 9999 INPU1940,
9904 NK=1036 INPU195O"

GO TO 9999 INPU1960
9905 NK=1038 INPU1970

GO TO 9999 INPUI980
9906 NK=2000 INPU1990

GO TO 9999 LNPU2000
9907 NK=2012 INPUZ01O
9999 NR=L INPU2020

CALL DUMP INPU2030
C INPU20O4
10000 RETURN INPU2050
C INPU2060
C FORMATS INPU2070

8000 FORMAT(7EIOo3wI2) INPU2080
80040FORMAT(Ii97H INPU2090

I INPU2100
8111 FORMAT(148014) INPU2110

EN~D



106.

RCARDS LISTDECKeREF
SUBROUTINE CARDS CARD01OODIMENSION TABLE1119CARD(T)tLABLE(I) CARDO02O

COMMON TA13LE CARD0030

C A 2 IN COLUMN 1, ROUTINE WILL FIX THE 4

C FLOATING PT. NO.
C A I IN COLUMN 19 MEANS THIS IS LASF CARD TO
C READ IN. 4

EQUIVALENCE(TABLE(1)*LABLE(i)i CARD0050
WRITE (6910) CARDOO70

1 READ (5911)IENDtLOCtNUMWPC9(CARD(IJtI=1,NUMWPC) CARDOO80
WRITE (6,12)IENDLOCtNUMWPC.(CARD(I)tI=IeNUMWPC) CARDO090
DO 4 I=19NUMWPC CARDOO10
J=LOC÷I--i CARD0110
IF(IEND-2)2vSt2 CARDO120

5 LABLE(J)=IFIXICARD(I)) CARDO130
GO TO 4 CARD0140

2 TABLE(JI=CARDI() CARD0150
4 CONTINUE CARD0160

IFHIEND-1)1,391 CARDO170
3 RETURN CARD0180

ýC FORMATS CARD0190
10 FORMAY120HI OIL INPUT CARDS///)
11 FORMAT(I,•I5ZlQ0P7E9.4) CARD0210
12 FORMAT(1H 14#17,13tIPTE146) CARDO220

END CARD0230

If

I
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SIBFTC SETUP LISTDECKREF

SUBROUTINE SETUP SETUOO10
SC WILL ONLY GENERATE (11 MATERIAL.

' C PACKAGES MUST BE RECTANGLES.
C ASSUMPTION OF = DX AND = DY SETU0980
C LOAD PK(4)=1.

M=PK(4) SETUO990
C LOAD PK(5)=RIGHT BOUNDARY OF PELLET(I)°

MA=PK(5) SETU1000
C LOAD PK(6b=BOTTOM(J)+÷ OF PELLET.

MB=PK(6) SETU1OlO
C LOAD PK(7)=TOP(J) OF PELLET.

MC=PK(7) SETUIO2O
C LOAD PK(8)=1.

MD=PK(S) SETUI030
C LOAD PK(9)=RIGHT(I)BOUNDARY OF TARGET,

ME=PK(9D SETUIO40
C LOAD PK(1O)=BOTTOM(J)#I OF TARGET.

MZ=PK(IO) SETU105O
C LOAD PK(11)=TOPiJ)OF TARGET.

N=PK(11) SETULO6O
C LOAD INITIAL DENSITY INTO Z(111).

RHO=Z(111) SETU10O
C LOAD INITIAL PELLET VELOCITY INTO Z(112).

VTEF=Z(112) SETU1080
KNAX=IMAX*JMAX+1 SETU10O
KMAXA=XMAX+÷ SETUl100
JMAXA=JMAX+l SETUllD
IMAXA=IMAX+l SETU1120

C CLEAR ALL CELL ARRAYS.
DO 1 K=1,KMAX SETU1130
U(K)=O.O SETU114O
V(K)=O.O SETU1150
P(K)=O.O SETU1160
AMX(K)=O.O SETU117O
AIX(K)=O.O SETU1I80

1 CONTINUE SETUI190
DX(I)=DX(I) SETU1200
X(li=DX(1) SETU1210
WS=X(I)**2 SETU1220
PIDY=3.1415927 SETU1230
TAU(I)=WS*PIDY SETU1240

C CALCULATE DXvXtTAU
DO 10 I=2,IMAX SETU125O
X(I)=X(I-1)+DX(I) SETUI260
DX(I)=DX(I) SETU1270
WSA=X(I)**2 SETU1280
TAU(I)=PIDY*(WSA-WS) SETU1290
WS=WSA SETU1300

10 CONTINUE SETUI310



Y( 1 =DY(l S1 ETU1320
C CALCULATE DY AND Y.

00 20 Ju29JMAX SETU1330
Y(JI=Y(J-14*DY(1) SETU134O
DV(J)=DY(1) SETUI350

20 CONTINUE SETU1360
ETH=0.0 SETU137O
DO 30 I=M*MA SETU1380
K=(MB-I)*INAX+÷I~ SETU1390

C CALCULATE MASS9 AND VELOCITY OF PELLET.
00 40 J=MSvMC SETU1400

AMX(KI=RHO*DY(J)*TAU(I) SETUI40IO
V(K)wVTEF SETUI420

C CALCULATE TOTAL ENERGY (ETH,)
. ETH=ETH+AMX(K)*(VfK?**2V/2,O SETU1430

40 K=K+IMAX SETU144O
30 CONTINUE SETU1450

C CALCULATE HASS OF TARGET.
DO 50 I=MDME SETU1460
K=IMZ-I)*IMAX+I.1 SETU1470
DO 60 J=MZYN SETU1480
ANX(K)=RHO*DY(J1*TAU(I) SETU1490

60 K=K+IMAX SETU1500
50 CONTINUE SETU1510

ID4AX=IMAX SETUI520
JMAX=JMAX SETU1530
SHELL=2.0 SETL41540
CYCLE=0.0 SETU1550
DT=O.0 SETU1560
FNMAX=O SETUISO
N1=2 SETU1580
N2=3 SETUI590
N3=0 SETUI600
N4=127 SETUi610
XNAX=X(IMAXI SETUI(20
TXMAX=XMAX*2*0 SETUIC30
YMAX=Y(JMAX) SETU1640
TYMAX=YMAX*2*0 SETU1650
REWIND 7
W4=555o0 SETU1670

C WRITE OUTPUT FOR OIL ON TAPE.
WRITE ( 7)MSvCYCLEN3
WRITE ( 71Z(I),1:1,150)
WRITE (,7t(U(I)eV(I)eANXII),AIX(I),P(1),1=1,KMAXA)
WRITE ( 7)X(0Ot(X(1)vTAU(I)vl=lIMAX)
VRITE ( 7)(Y(I),I=OtJMAX)
WS=666o0 SETU1730
WR1ITE ( T)WStWSWS
REWIND 7
RETURN SETU1760
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$IBFTC.CDT LISTtDECKvREF
SUBROUTINE CDT CDT,0010

C COT 0020
C CDT 0990
C = = = CDT'1000
C CDT 1010
C CDT 1020

C CHECK COURANT CONDITION AND PARTICLE
C VELOCITY.
C RECORD I AND J OF ZONE WHERE OT IS BEING
C CONTROLLED.

3000 VEL=O.0 CDT 1030
3005 DO 3050 I=1,11 CDT,1040
3010 K=I+÷ CDT 10501
3015 DO 3050 J=1912 COT 1060

I=I COT 1O701
JsJ COY 1080

3020 IF(ANX(K)J9901,3050w3025 COT 1090
C COT 1100
C CALCULATE PRESSURES FROM EQUATION OF STATE(ES).

3025 CALL ES COT 1110'I
C COT 1120'

3030 IF(ABS(P(K))-1.OE-20)30359303593040 CDT 1130t
3035 P(K)=O.O CUT 1140
3040 IFCWSGX-VEL)305093050#3045 CDT 1150
3045 VEL=WSGX CDT 1160
3050 K-K+IMAX COT 1170
3055 KDT=1 COT 1180.

UVXAX-1 .0 COT,1190
3070 00 3255 1-10,1 CDT 1200
3075 K=I+÷ COT 1210
3095 00 3255 J=112 CDT 1220
3100 KP=K.INAX COT 1230

IFIANX(K)19901,3255,4 COT 1240
C, IFRHO(K) IS LESS THAN Z(138), CELL K
C, WILL BE BYPASSED FOR STABILITY CHECK.

4 IF(ANX(K)IITAU(I)*DY(J)I-Z(138))325593255,3115 CDTi1250
3115 SIG=DX(I) COT 1260
3120 IF (DY(J)-SIG03125,3130,3130 CDT 1270
3125 SIG=DY(J! COT,12rO

C CuSPEED OF SOUND FOR POLYTROPIC GAS AS
C, THE SQ. ROOT OF (GANMA*P/RHO).
C HERE CALCULATE THE SPEED OF SOUND FOR
C THE EQUATION OF STATE
C AS THE SQ. ROOT OF OP/ORHO.

3130 IPZ(148)4000*4000.'041 CDT 1290
4000 WSsSQRT(GMAXaTAU(I|*DY(J)*AS(P(Kll/(AMX(K)I) COT 1300

GO TC 105 COT 1310
4001 HSA-A8S(P(K) *1.E+4 COT 1320

WS-Zl148)+Z(149)*(WSA*Z(150)) CDT 1330



io.

WS=WS*loE-3 COT 1340
3205 WS=WS/SIG COT,1350
3210 IFIUVMAX-WS)3215,3220,3220 COT 1360
3215 NO=I CDT 1370

Nll=J COT 1380
UVMAX=WS CDT 1390

3220 IF(NMAX)llv2 COT 1400
C EULERIAN CHECK FOR RADIAL PARTICLE VELOCITY.

1 CONTINUE COT,O1410
3 WS=ABS(U(K)I/TAU(II*X(I)/.5*PIDY CDT 1420

GO TO 3225 COT 1430

C PIC CHECK FOR RADIAL PARTICLE VELOCITY.
2 WS=ABS(U(K))/DXMl) CDT 1440

3225 IFIUVMAX-WS)3230#323593235 CDT 1450
3230 UVNAX=WS CDT t460

NIO=I CDT 1470
N1I=J CPT 1480

3235 WS=ABS(V(K))/DY(J) CDT 1490
3240 IF(UVtAX-WS)3245,3250,3250 COT 1500
3245 N1O=I CDT 1510

Nll=J CDT 1520
UVMAX=WS COT 1530

3250 CONTINUE CDT 1540
3255 K=K+IMAX COT 1550

IF(UVMAX)9912,9912,3260
C FOR OPTIONS ON CABLN, CHECK
C SECTIUN 3.4 IN GAMD-5580.

3260 IF(CABLN)90,9193300 CDT 1560
90 DT=o5/VEL/UVNAX*Z(1391 COT 1570

GO TO 3295 COT 1580
91 WS=UVNAX*DT COT 1590

WSA=0.5/VEL COT 1600
3265 IF(FFA-WSA)327%..327693270 COT 1610
3270 FFA=WSA CDT 1620
3276 IF(WS-FFA)3285,3300,3280 CDT 1630
3280 DT=DT/WS*FFB/Oo9 CDT 1640

GO TO 3295 COT 1650
3285 lF(WS-FFB)3290t3290,3300 CDT 1660
3290 DT4DT*FFAIWS*0.9 COT 1670
3295 KDT=O CDT 1680

C INTEGRATE THE TIME AND CYCLE COUNTER.
3300 T=T+DTNA CDT 1690

85 IF(DTRAD)9911,80,81 CDT 1700
80 NR=NRM CDT 1710
84 WS=NR CDT 1720

TRAD=DT/WS COT 1730
GO TO 82 CDT 1740

81 IWS=DT/DTRAD 'DT 1750
NR=IWS+1 CDT 1760

83 IF(NR-NRM)84,84980 COT 1770
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1 82 NC=NC+1
CYCLE=NC CDT 1780
NPC=NPC+I CDT 17903305 IF(T)9909,332o,33 1 0 CDT 1800

3310 IF(KDT)9910,331 5 033 2 0  CDT 1810
3315 WRITE ( 6 ,8000)TDTNA#DT CDT 18203320 OTNA=DT CDT 1830IGO TO 3325 CDT 1840 1

C NEGATIVE MASS CDT 18501 9901 NK=3020 CDT 1860
GO TO 9999 CDT 18709909 NK=3305 COT 1880

GO TO 9999 CDT 1890
9910 NK=3310 CDT 1900

GO TO 9999 COT 1910
C THE DT WILL BE 0. OR NEGATIVE ,SIOP

9912 NK=I
( GO TO 9999

9911 NK=85 COT 19309999 NR=2 CDT 1940
CALL DUMP CDT 1950

3325 RETURN CDT 1960CDT 1960
v 80000FORMAT (17HOCHANGE DT ... T=lPk9.3,11H VTtN)=1PE9.3,13H DTCOT 19701ENDCDT 1980

CDT 1990



SIBFTC PHI LISTDECK qREF H 0
SUBROUTINE PHI 

PHI 0900
C VELOCITIES, ENERGIES, PRESSURES ARE AT THE
C CENTER OF THE CELLo
C (2) PASSES THRU PHI ARE REQUIRED. NO
C MASS IS MOVED IN PHI.
C ** NOTE I MATERIAL ONLY (X)) **** PHI 0980
C PHI 0990
C PHIO 1000
C PHI 1020
S = =PHI 1020
c CPHI 1030
C PHI 1040

NRT=O PHI 1050
NRC=O PHI 1060
UU=I.E+15 .PHi 1070
UT=O.0 PHI 1080

C YOU WILL GET BACK HERE IF AIX WAS LESS
C THAN 0. AND PROVIDED SN=O.

8000 VEL=L.0 PHI 1090
C INITIALIZE MID-POINTS OF FIRST AND SECOND
C CELL IN R DIRECTION.

3301 RC=DX(I)/2.0 PHI 1100
RR=IX(I)+X(2))/2.O PHI 1110

3304 K=2 PHI 1120
C AXIS OF SYMMETRY BOUNDARY CONDITIONS.

DO 3302 J=IJMAX PHI 1130
PL(J)= P(K) PHI 1140
ULIJ)=OoO PHI 1150

3302 K=K+IMAX PHI 1i60
C FIRST PASS THRUt CALCULATE U AND V AT
C CYCLE N+I9 AND THE wORK TERMS USING U AND V
C FROM CYCLE N.
C SECOND PASS THRUs CALCULATE ONLY THE
C CONTRIBUTION TO THE CHANGE IN INTERNAL ENERGY
C FROM WORK TERMS EVALUATED FROM U AND V
C AT CYCLE N+I.

00 3360 1=1911 PHI 1170
K=I+l PHI 1180
IF(CVISI.7002,7003,7003 PHI 1190

C BOTTOM BOUNDARY IS TRANSMITTIVE.
7002 VBLO=V(K) PHI 1200

PBLO=0.0 PHI i210
GO TO 7004 PHI 1220

C BOTTOM BOUNDARY IS REFLECTIVE.
7003 VBLO=O.0 PHI 1230

PBLO=P(K) PHI 1240
7004 TAUDTS=TAU(I)*DT PHI 1250

C II= MAX.(I) OF DISTURBANCE IN R DIRECTION.

eI



1.13.

C 12= MAX(J) OF DISTURBANCE IN Z DIRECTION.
C DO LOOP IN J DIRECTION

00 3348 J=1,12 PHI 1260;

PIDTS=1.0/(PIDY*DT*DY(J)) PHI 1270
C K= INDEX OF CELL IN QUESTION.
C N= INDEX OF CELL ABOVE.

N=K+IMAX PHI 1280,
3305 IFIAMX(K))9902,3340,3306 PHI 1290,
3306 IF(IMAX-1)9903,3311,3310 P91 1300'
3310 IF(AMX(K+l))9904,3312,3314 PHI 1310'

C WE ARE AT THE RIGHT BOUNDARY, SET PRESSURE
C GRADIENT TO 0. IN R DIRECTION, MODIFY ETH.
C FOR RIGHT BOUNDARY BEING TRANSMITTIVE.
33il PRR=PL(J) PHI 1320
3307 ETH=ETH-PRR*U(K)/PIDTS*RC PH1 1330

GO TO 3313 PHI 1340
C RIGHT BOUNDARY CONDITION FOR THE MOMENTUM EQ.
C ADJACENT TO EMPTY CELL.

3312 PRR=0.O PHI 1350
3313 URR=RC*U(K) PHI 1360

GO TO 3316 PH! 1370
C CALCULATE PRESSURE AT INTERFACE(I) AND
C (RU) FOR WORK TERM.

3314 PRR=(P(K)+P(K+I))/2.0 PHI 1380
3315 URR=(UfK)*RC+÷J(K+l)*RR)/2ý0 PHI 1390
3316 IFIJMAX-J)9905,3318,3320 PHI 1400

C SET PRESSURE GRADIENT TO 0. THIS IS FOR TOP
C BOUNDARY BEING TRANSMITTIVE.

3318 PABOVE=PBLO PHI 1410
C MODIFY ETH FOR TOP BOUNDARY CONDITION.

3319 ETH=ETH-PABOVE*V(K)/2.0*TAUDTS PHI 1420
GO TO 3323 PHI 1430

3320 IF(AMX(N))9906,3322,3324 PHI 1440
C TOP BOUNDARY CONDITION (EMPTY CELL ABOVE.)
C TOP BOUNDARY CONDITION FOR VELUCIIY (EMPTY CELL ABOVE).

3322 PABOVE=O.O PHI 1450
3323 VABOVE=V(K) PHI 1460

GO TO 3328 PHI 1470
C CALCULATE PRESSURE AT INTERFACE(J)

3324 lABOVE=iP(K?÷P(N))/2.0 PHI 1480
IF(CVIS)7001,3325,3325 PHI 1490

700). IF(I-J)3325,7000,9905 PHI 1500
C BOTTOM BOUNDARY IS TRANSMITTIVEv SET PRESSURE
C GRADIENT TO 0.
C AND MODIFY ETH.

7000 PBL0=PABOVE PHI 1510
ETH=ETH+PBLO*V(K)I/2.0*TAUDTS PHI 1520

C VELOCITY 4T INTERFACE(J)
3325 VABOVE=(V(K)+V(N))/2.0 PHI 1530
3328 IF(VEL)9907,34040,3400 PHI 1540



C COMPUTE OELTA U AND DELTA V,

3400 V(K)=V(K)4•(PLO-.PABOVE)*TAUODTS/(A.X(K)) PHI 1550
'F(485(V(K) -l.E-08)3401,3401,3402 PHI 1560

3401 V(K;=O.O PH! 1570
3402 U(K)=U(K!+(PL(Jb-PR)I/LAMX(KI(*RCrPIDTS*2.0 PHI 1580

IFIABS(U(K1)-l.E-0813403t34G3,3404 PHI 1590
3403 U(K)=O.O PHI 1o00

C CHECK FOR AOVANZ[NG"COUNTERS OF THE ACTIVE
C GRID IN THE R DIRECIION.

3404 IF(I-,ll)6016*6005,6005 PHI 1610
6005 lF(U(K)16605t6606v6605 PHI 1620
6605 NRC=I PHI 1630
6606 IF(V(K)15607,6004o6607 PHI 1640
6607 NRC=I PHI 16506004 lF(AIX(K))601•,60•l6,6015 PHI 1660 ,

6015 NRC=I PHI 16706016 CONTINUE PHI 1680
,A C, HERE CALCULAVE CHANGE IN INTERNAL ENERGY
C DUE TO WORK TERMS ONLY.

LAS=, VBLO-VABOVE)*TAUDTS/2.0*P(K) PHI 1690
RHO=W5+!UL(JS-URR)/PIOTS*P(K) PHi 1700

r CONVERT TO SPECIFIC INTERNAL ENERGY.
3332 WSX=AIX(K)-,RH/AAX(tK PHI 1710

GO TO 1300 PHI 1720
C CHECK FOR NEGATIVE INTERNAL ENERGIES.

1000 IF(WSX)10b191001,10O1 PHI 1730
1001 AIX(:`=WSX PHI 1740

GO TO 3342 PHI 1750
1011 JT=1.O PHI 1760

C COMPUTE NEW DT(STORE IN UU) ASSUMING
C THAT DI/DT WILL BE T HE SANE FOR A SMALLER
C TIME STEP# THE NEW OT IS CHOSEN SUCH
C THAT AWX(AT N+1)=2/3 OF AIX(N).

WSA=2.0*AIX(K)/3.0*DT/IAIX(KI-WSX) PHI 1770
1013 IF(WSA-UU)Il04,10OI,1OGI PHI 1780
1U14 UU=WSA PHI 1790

GO TO 1001 PHI 1800
C CELL (K) IS EMPTY, SET INTERFACf: QUANTITIES$
C ASSUMING CF.L TO THE RIGHT AND IOP ARE
C NOT VOID.

3340 PRR=0.0 PHI 1810
URR=UCK+I)*RR PHI 1820
PASOVE=O.0 PHI 1830
VABOVE=V(N; PHI 1840

C SET RIGHT QUANTITIES TO T!IE LEFT (FOR NEXT
C COLUNN SWEEP) ANO SET ABOVE QUANTITIES TO

BELOW FOR NEXT CELL ABOVE*
334Z V3LO=VA-IOVE PH1 1850

PLfJ)=PRR PHI 1860
UL'J)=URR PH1 1870



I115.
K=N PHI 1880

3348 PBLO=PABOVE PHI 1890
LL=K-IMAX PHI 1900

C CHECK FOR ADVANCING COUNTERS OF THE ACTIVE
C GRID IN 2 DiRECTION.

IF(U(LL)I60006001,bO00 PHI 1910
6000 NRT=I PHi 1920
6001 IF(V(LLI)6002.6003,6002 PHI 1930
6002 NRT=l PHI 1940
6003 IFfAIX!LL))6017,6018,6017 PHI 1950
6017 NRT=l PHI .960
6018 CONTINUE PHi 1970
3355 RC=RR PHI 1980

RR=(X(I+1)+X(1+2))/2.0 PHI 1990
3360 CONTINUE PHI 20011
3361 IF(VELJ9911,1000C,3363 PHI 2010
3363 VEL=O.0 PHI 2020

GO TO 3301 PHI 2030
C ERROR PHI 2040

9902 NK=3305 PHI 2050
GO TO 9999 PHi 2060

9903 NK=3306 PHI 2070
Ga TO 9999 PHI 2080

9904 NK=3310 PHI 2090
GO TO 9999 OH1 2100

9905 NK=3316 PHI 2110
GO TO 9999 PHI 2120

9906 NK=3320 PHI 2130
GO TO 9999 PHI 2140

9907 NKz3328 PHI 2150
GO TO 9999 PHI 2160

9911 NK=3361 PHI 2170
9999 NR=3 PHI 2180

CALL DUMP PHI 2190
C IF SN4ANOT=0.) ANY NEGATIVE ENERGIES WILL
C REMAIN. IF=O, CODE aILL TRY ANOTHER PASS
C WITH A SMALLER Or.
10000 IFISN)7030,7031,7030 PHI 2200

7031 IF(UT)70207030,7010 PHI 2210
C NEGATIVE ENERGIES HAVE OCCURED, INTEGRATE
C BACK TO CYCLE N WITH (-DT).

7010 UT=-I.O PHI 2220
DT=-DT PHI 2230

C YOU NOW HAVE iNTEGRATED BACK [0 CYC• 4o NUW
C INTEGRATE TO CYCLE N+I WITH NEW DT(SJORED IN UU).

GO TO 8000 PHI 2240
7020 UT=0.O PHI 2250

DT=UU PHI 2260
NR=DT/TR6D+I.0 PHI 2270
WS=NR PHI 2280



U6.
TRAD=DT/WS PHI 2290
0TWA=DT PHI 2300
GO TO 8000 PHI 2310

r. INCREASE ACTIVE GR~ID COUNTERS IF NEEDED.
103?1- Ii=Ii+NRC PHI 2320

I2,=12+NRT PHI 2330
~ 1IMAX)6100 6I0,096200 PHI 2340

6200 IiZIMAX PHI 2350
6100 LFfI2-JAX)6Z0196201v6202 PHI 2360
6202 12=JMAX PHI 2370
6201 RETURN PHI 2380

END PHI 2390
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SIBFTC PH2 LIST;DECKtREF

SUBROUTINE PH2 PH2 0010
C Z(110)= CRITICAL ENERGY( BETWEEN GAS AND CONDENSED STATE)
C Zilll)= INITIAL DENSITY
C Z(1121= INITIAL VELOCilY OF PELLET
c Z(1131= EPSILONICS FOR EMPTYING PELLET ON BASIS OF VELOCITY
C TOZONE = MINIMUM DENSITY FOR MASS FLOW
C P112 0900

c PH2 0980
C AJIPY=I4ASS ACROSS TOP BOUNDARY OF CELL
C AMUT=RADIAL MOM4ENTA OF THIS MASS
C AMVT=AXiAL MIOMENTA OF THIS MASS
C DELET=TOTAL SPECIFIC ENERGY OF THIS MASS
C AI4MP=MASS ACROSS RIGHT BOUNDARY OF CELL
C AMUR=RAD&'AL MCJMENYA OF THIS MASS
C AI4VR=AXIAL MOMENTA OF THIS MASS
C DELER=TUTAL SPECIFIC ENERGY OF THIS MASS
C AMMY=MASS ACROSS 30TTOM BOUNDARY OF CELL
C AMMU=RADIAL MOMENTA OF THIS MASS
C AMMV=AXIAL MOMEKtA OF THIS MASS
C OELEB=TOTAL SPECIFIC ENERGY OF THIS MASS
C GAMC=MASS ACROSS LEFT BOUNDARY OF CELL
C FLEFT=RADIAL MOMENTA OF THIS MASS
C YAMC=AXIAL MOMENTA OF THIS MASS
C StGC=TOTAL SPECIFIC ENERGY OF THIS MASS
C. - - - - - - - - - - - - - - - - - - - PH2 0990

C PH2 1010
NR T= o PH2 1020
NRC=0 PH? 1030
REZ=0,0 PH2 1040
CALL SLITE (0) PHZ 1050
PIOTS=1.0/(PIDY*DT) P112 1060

101 00 103 J=IvJMAX P112 1070
102 GAMC.(J[-Oý0 PH2 1080

FLEFTLJ ý=o.o PH? 1090
YAMC(J )=0.O PH2 1100
OSIGC(J)=000 PH? 1110

103 CONTINUE PH2 1120
104 DO 547 I1=I1l P112 1130

J= J PH2 1140
105 K=I+l PH2 1150
80 IF(AMX(KF)9900,97v81 P112 L160
81 IF(V(K.Is82q97v97 P112 1170
97 AMMV-=Oo0 PH? 1180

GO TO 98 PH? 1190
82 AMMY=AMX(K)*V(K)*OT/0Y(J) PH? 1200
83 1Ff AMMY+AMX(K) )84* 85#,85 PH? 1210
84 AMMY=-AMX(K) P112 1220
85 IF(CVIS)1069 99,,99 PH? 1Z30

C BOTTOM BOUNDARY IS rRANSMITTIVh, MATERIAL IS MOVING



C OUT9 REMOVE ITS ENERGY FROM ETH.
106 AMMU=AMMY*UMK ('82 1240

AMMV=-AMMY*V(K) ('82 1250
DEE=I()(()*2VK*2/. PH2 1260
WS=(UtK)**2+-V(K)**2)/2*0 P82 1219
ETH=ETH+AMMY* (AlX(K)+WSl PV.2 1280
GO TO 107 ('82 1290

C BOTTOM BOUNDARY IS REFLECTIVEv NET MOMENTA CHANGE
C IN Z DIRECTION IS 2 MV.
99 AMMV=2c0*AMMY*V(K) ('82 1300
98 AMM4Y=0*0  ('2 1310

AMt4U=O.O ('2 1320
OELEB=0.0 ('82 1330

C BEGIN 00 LOOP IN J(Z) DXRECTION.
107 DO 546 J=1912 PH2 1340
108 L=K4#,IMAX PH2 1350

1=1 ('82 1360
J~j PH2 1370

AREA=0.0 PH2 1380
VEL=0.O PH2 1390
FS=0.0 ('82 1400

210 IF(JMAX-J)211,21i,207 ('82 1410
211 VEL=1.0 ('82 1420

'GO TO 208 PH2 1430
207 IF(AlAX(LI?21592159214 PH2 !440
214 IF(AMXK)ý2I6t2I69209 PH2 1450
216 VABOVE=V(L.I PH2 1460

GO TO 212 ('82 1470
215 XF(AMX(Kfl2059205,208 P82 1480
205 VABOVE=0.0 PH2 1490

GO T0 212 ('82 1500
208 VABOVE:.V(K) PH2 1.510

GO TOQ 212 P82 1520
239 VA8OVE~fV(K)+V(L))/2.0 P82 1530
21.2 CON T INUF ('82 1540

IZIPH2 1550
J=.! OX2 1560

F S CI 0 P82 1570
404 IFIA-ý1,1,0 P82 1580

f 405 lF(AM4X(K~flH4lls41ls409 FV.2 1590
ý409 IF(AMX(X))41024l0v407 ('82 1600
410 URR--U(KI-IU ('82 1610

GO TO 408 PH? 1620
41 1 IF(AMXfK))4O3v,403s,406 PH2 1630
43 URRO 0.0 P82 1640

GO YO0 408 PH! 1650
41 WE ARE AT THE RIGHT BOUNDARY OF THE GRID# THE~

c BOUNDARY CONDITION HERE IS TRANSMITTIVE. P216

06URR=U(Ki PH2 1670
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GO TO 408 PH2 1.680
407 URR=(,UK)+UiK+1))/2.O PH2 1690
408 CONTINUE PH2 1700
109 MFAREAJ99OL,3011547 PH2 1110
301 IFOVABOVE)3009304,302 PH2 1720
302 I1(AMX(K))9900,304v8800 P82 1730,

8800 IF(J-1)9900930398801 PH2 1740:
8801 KP-K-IMAX PH2 1750:

MFAMM(P) 19900,8803,303 PH2 1760'
c A CHECK HERE TO INSURE THAT THE BOTTOM ZONES
C OF THE PROJECTILE EMPTY (FOR HYPERVELOCITY) UP UNTIL
C THE INITIAL VELOCITY CHANGES DUE TO THE SHOCK.
8803 IF(ASS(VA30VE-Z(112))/Z(112)-Z(113))3O6.3Q3o303 PH2 1170
303 I4=K PH2 180ý

Jj~jj PH2 1790,
GO TO 307 FH2 1800

304 At4PY=O,0 PH2 1810
308 AMUThO0. PH2 1820

ANVT=00 0 PH2 M8W
OELETuO.0 P82 1.840
GO TO 501 PH2 W8O

300 IF (VEL) 990O1,30~5,304 P82 IC60

305 IFfAMX(L;I9903v3O4v306 P8Ž 1870
306 M=L PHZ 18aO

JJ=J+i. PH? t89O
307 IF(VEL)6l30v6i30v6140 PH2 1900

6130 WSA=(V(K)+V(L)J/2t0 PK2 1910
WS8--1.0+(V(L)-V(K) )/(DYfi)J)*SBCUNDO)*OT PH? 1920
VABflVE=WSA/WS53 PH2 1930

C CALCULATE THE MASS FLJX AT THE TO, OF CELL K.
6140 AMPY=AMX0(M)*VA8OVE/OY(JJ)*0T ?H2 1940
501 IFtURR)i5OO,904s9 5O2 PH2 1950
502 lFfAMX(iK))990O,504v503 PW,' 1960
503 M=K P82 1970

N= 1 PH2 1980
GO TO 508 P82 1990

504 AMMP=O.,0 PH2 2000
AMUR=0.0 PH2 2010
AMVR=0.0 PH2 2020
DELERO 0.0 P82 2030
GO TO I P82 2040

500 IF(FS)9905,506,504 PH2 2050
506 Ir-(AMX(K+U))9904v504v507 P82 2060
507 M=K+1 P82 2070

N= I . iIH2 2080
508 lFffS)6100v6l00i6ll0 P82 2090

6100 WSA=(U(K)44(K+1I?/2.0 PH2 2100
WSB=10 0+{U(K+lI-iJ(K) )/(DX(N)*SBOUND)*DT PH2 211G
URR=iSA/WSS PH2 2120

C CALCULATE THlE MASS P-LUX AT THE RIGHT OF CLK.



6110 DEN-ANXI)/TJIAUIN) P112 2130
AMNP=DEN/PIDTS*X( I)/.5*URR/

I IFIAMMP)16974,882C PH2 2150
8820 IF(GANC0Jfl7497498821 P112 2160
e821. IF(FSi61201 6l2Cv74 P112 2170
6120 IFIAMX(K411)9903#8822,74 P112 2180
8822 iF(AMX(K)/(TAU(U)*DYIJl)-Z(111l)8823,74,74  PH2 2190
8823 IF(AIX(K)-Z(110fl8824,m,974 P112 2200
8824 WS=GAMC(J;+AMX(K)-TAU(I)*DYIJ)*Z(111) /P112 2210

IFIWS)882698826v8825 P112 2220
8825 AHMM=WS P112 2230

GO TO 74 P112 ?240
8826 ARMP=000 P112 2250

74 JIAG=O PH2 2260
C BEGIN CHECKING TO SEE IF TH1EIR IS ANY
C PREFERENTIAL MASS FLUX 3ECAUSE OF CHOICE OF,
C INDEXING DIRECTION*

2 IF(AMPY)39494 P112 2270
C TOP FLUX IS IINTO CELL K.

1 ITAG=1 P112 2280
WSB=AMPY P112 2290
AKPY=0o0 0112 2300
GO TO 64 P112 2310

4 JTAG=O P112 2320
64 IF(AMM~')9 9 595 P112 2330

C BOTTOM FLUX IS INTO CELL K.
5 IFIGhMC(J))7,6T6 PH2 2340

c LEFT FLUX IS INTO CELLK.
6 WS=AMX(K) P112 2350

GO TO 11 P112 2360
C kEF FLUX IS OUr,

7 WS=AMX(K)+GAI'C(J) P112 2370
GO TO 11 P112 2380

C BOT7OM F-LUX IS OUT OF CELL Ka
9 IF(GARC(J))109898 P112 2390

C LEFT FLUX 1S INTO CELL K.
8 WS=AMX(KI+AMMY P112 2400

GO TO 11 P112 2410
C LEFT FLUX IS OUT OF CELL K.

10 WS=AMX(K)+GAMC(J)+At4MY P112 2420
11 IdSA=AMPY+AMMP P112 2430
12 IF(WSA-WS)75v75vl3 P112 2440

C CHANGE TOP AND RIGHT FLUX TO 3E THE
C OW. FLUX TIMES THE MASS OF THE CEi.L/THE SUN1

c OF THE OLD f-LUXES.
12 AMPY=AMPY*WS/WSA P112 2450

AH?4P=AMMP*W&/WSA P112 2460
75 IF(JTAG)14973v14 P112 247.0
73 WSC-AMMP P112 2480',
14 IF~iTAG)I5v700Otl5 P112 24,90



15 AMPY=WSB PH2 2500
ITAG=O PH2 2510

C GO CHECK CELL A,6OVE.
GO TO 40 PH2 2520

C RIGHT FLUX IS INTO CELL K.~
16 1Ff FS17brl7976 P112 2530
76 WSC=AMMP PH2 2540

C 1=JMAX, SO Ct1Eft' CELL AB3OVE K.
GO TO 40 P12 2550

*17 IU41~-IMAX)19d3~99908 PH2 2560
18 URRR=U(K+1)/2.O PH2 2570

GO 70 20 PH2 2580
19 URRR=WUfK+li$~U(K+2J)/2.0  P112 2590
20 IF(URRR)39939,,21 PH2 2600

C FLUX IS OUT OF THE RIGHT OF CELLIK41~o
21 URR=URRR/TAUfI*1)*AM4X(t+I)/PI0;i*X(1+1)/,5
22 IF(J-1J9909t23,24 PH2 2620
23 VBLO=VIK+l)/2.0 PH2 2630

GO TO 26 PH2 2640
24 KP=K+1-IMAX PH2 2650

VBLO=(V(K+1)*V(KP) 1/2.0 PH2 2660
26 1Ff VBLO)25i38938 PH2 2670

C FLUX IS OUT OF THE BOTTOM OF GELLLK4-1).
25 V8LO=AMX(K+l)/DY(J)*V8LfJ*(DT PH2 2680
2? IF( VEL )289 29928 P112 2690
28 VAB=V(Ks-1)/2,0 PH2 2700

GO TO 31 P112 2710
29 KP=K+IMAX+1 PH2 2720

VAB=(V(K+I)+V(KP) )/2.O P112 2730
31 IF(VA8I'36v36v3Q P112 2740

C FLUX IS OUT OF TOP.
30 VAB=AMXfK+1 )/DY(J?4VAB*GT P112 2750
32 WS=AMX"(K+1) PH2 2760
33 WSA=URRR-AMMP-VbLQ~lvA8 P112 2770
34 IF%'WSA-WS177v77v35 P112 2780
35 AM4MP=AMMP*WS/IWSA P112 279n-
77 JTAG~1 PH2 2800

WSC=AM..P P112 2810
AMMP=O,. PH2 2820

GO rO ?P12 2830
C FLUX' AT TUA, 1S INTO CELL (K+1).

ýQ:SA~l- PH2 2840
37 WSA=J-RRR-Avý"P-VbLG P112 2850

GO 3 4 P112 2860
C fsLuA 1S lN ~rOlrlTQM INTO CELL (K+I).

38 Y8LG=0=0 PH-2 2870
GO F- 27 PH? 2880

C FLUX IS W77- CELL s. I) FROM RIGHT.
3S URRR-C.D P112 ?890

GO TO 22 P112 2900



Ic RIGHT FLUX OUT OF CELL (KI IS POSITIVE AND TOP
'c FL.UX IS COMING INTO CE'-.. (A)1 FROM (K*IMAX).
40 IFtVEL)70O0g41;,O0O PH? 2910
41 IF(FS)42943942 P112 2920
C WE ARE AT THE RIGHT BOUNDARY OF THE GRID.
42 KP=KIIMAX P112 2930

URT=U(KP)/2*0 P112 2940
GO TO 45 P112 2950

43 KP=K+IMAX P112 2960
URTh'(U(KP?4-U(KP+1;)/)2*O P112 2970

45 1Ff URT)46v46v70 P112 2980
'C FLUX AT RIGHI (CELL M)1 IS NEGATI YE.

46 URTO,90 P112 2990
GO TO 47 PH2 3000

70 KP=K4IMAX P112 3010
URT=URT/TAU4 I?*AMX(KPJ/PIDTS*X( 11/.5

C FLUX AT RIGHT (CELL M) IS POSITIVE.
47 IF(J41-JMAX)4894999910 P112 3030
48 KP=K+IMAX( P112 3040

KLzKP+I MAX P112 3050
VABT=(V(KP)+V(KLI 1/2.0 P112 3060
GO TO 51 P112 3070

49 KP=K+IP4AX P112 3080
KL=KP+LMAX P112 3090
VABT=V(KP)/2.0 P112 3100

51. 1FfVABT)8810,7h1,2 P112 3110
C FLUX IS IN FROM TOP OF CELL M.
8810 IFf AMX(KI)9903,8811,71 P112 3120
,c CHECK FOR SOLID OR VAPOR.

8811 IF(AMX(KP)/(TAU(I)*DYIJ+1)1-Z(111fl8812,71,71 P112 3130
8812 IF(AlX(KP)-Z(110))8813v71,71 P112 3140
8813 VABT=VABT*AMX(KLI/DY(J42)*DT P112 3150
8814 WS=-VABT+ANX(KP)-TAU(I)*DY(J+l)*Z''iJ. P112 3160
8815 IF(WS;8817p8817v88l6 P112 3170
8816 AHPY=-WS PH2 3180

GO T 71P112 3190
8817 AMPY=0O0 P112 3200

71 VABT=0.0 P112 3210
GO TO 60 P112 3220

72 VABT=VABT*AMX(KP)/DY(J+11*DT P112 3230
52 TF(GAMC(1.1l)54953s,53 P112 3240
53 WS=AMX(KP) P112 3250

GO T 55P112 3260
54 WS=AMXUKP)+GAJ4CIJ+ll P112 3270
55 WSA=VABT-AMPY4URT P112 3280

GO TO 57 P112 3290
60 IFfGAMC(J~l);6,!61v59 P112 3300
61 WS=AMX(KP)-,G2MC(J+l) P112 3310

GO 10 58 P112 3320
59 WS=AMX(gP) P112 3330
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58 WSA=-AMPY+URr P112 3340
57 IF(WSA-WS)7000,7000#56 P112 3350
56 AMPY=AMPY*WS/WrSA P112 3360

GO TO 7000 PH2 3370
7000 AMMP=WSC P112 3380
309 IF(AMPY)883498831,8833 PH2 3390

8833 IF(JMAX-J)9911,3l8,8835 P112 3400
8835 KP=K+JMAX P112 3410
8836 IFlAMX(KP))9900v8837,318 PH2 3420

C **** NOTE ***************~*****c****

C ACROSS FREE SURFACE9 HOLO UP MASS FLUX
C UNLESS THIS MASS PRODUCES A DENSITY GREATER THAN TUZONEE.
C
8831 IF(,AMPY/(TAU(I )*OY(J))-TOZONE)8838,3l8,3l8 P112 3430
8838 AMPY=0.0 P112 344i0

GO TO 8831 P112 345i0
8834 IF(J-1)991lv325,8839 P14? 3460
8839 IF(AMX(KI?990O988409325 PH2 3470
8840 IFI-AMPY/(TAU(I)*DY(J))-TOZUNE)88419325,325
8841 AMPY=0.0 P112 3490

GO TO 8831 P112 3500
318 DELM=GAMC(J)+A4MMV-AMPY PH-2 3510
322 lF(VEL)99019324,323 P112 3520
323 WS=U(K)**24V(K)v*2 P112 3530

C MATERIAL HAS LEFT THE TOP9 TRIGGLR REZOWNE
C FLAG9 REMOVE ITS ENERGy' FROMI ETH( TOTAL ENERGY UPr SYSTEM).

ETH=ETH-AM4Y*(AlX(K )+WS/2~.O) P112 3540
IF(AMPY/ITAU( I)*OY(J) )-TOZONE) 324,324i,6900 P112 3550

6900 REZ=lo0 P12 32560
324 AMU'T=AMPY*UiK) P112 35~70

AMVT=AMPY4ýVWK P112 3580
GO TO 326 P112 3590

325 CONTINUE P112 3600
8831 AMIJT=AMPY*U(L) P112 3610

AMVT'-=AMPY*V(L) P112 3620
DELM=GAMC( J)-AMPY+AMMY P112 3630

326 IF(AMPY)3279328t328 P112 3640
327 DELET=&IX(L)4(U(L)**2+V(L)**2)/2.0 P112 3650

GO TO 333 P112 3660
328 IF(AMMY)3299330,330 P112 3670
329 DELET=0ELEB P112 3680

GO TO 3133 P112 3690
330 IF(GAMUCJfl33I,3329332 P112 3730
331 DElET=SIGCfJ) P112 3710

G~O TO 333 P112 3720
332 DELET=AIX(K)+(U(K)**2+V(K)**2)/2.0 P112 3730

C SUM UP RADIAL MOMENTA FOR ALL FLUXES EXCFPT
C THE RIGHT AND STORE IN SIGMU.

333 SIGMU=FLEFT(J)+AMMU-AMUT P112 3740

C SUM UP AXIAL MOMENTA FOR ALL FLUXES EXCEPT THE~



12>4.

C RIGHT AND STORE IN SIGMV.
0SIGMV=YAK (JD.AMMV-AMVT P112 3750
10 c SUM UP TOTAL ENERGY CARRIED BY THESE FLUXES

o EXCEPT THE RIGNT FLUX AND STORE IN DELtrK.
0 DELEK=GANC(J)*SIGC(,2)+ANMY*0ELES-AMPY*OELET P142 3)760
0 509 IF(AMMP)8843v518t8844 P142 3770o 8844 IF(ItAX-)9,5884 P142 3780
0 884 IF(AMX(K.11)990098846,518 P142 3790
0 8846 IFIAI4MP/(TAU(I)*DY(Jfl-TOZONE)8847,518,518 P142 38 '00
o 8847 AMMP=0.0 P142 3810

GO TO 518 P142 3820
8843 IF(I-I.)99119512,8848 P142 3830
8848 IF(AMX(K)1930O,88499512 P142 3840
8849 IF(-AMMP/(TAU(I)*DY(Jfl-TOZONE)8850,5l2,5l2

0 8850 AMMP=0.O P142 3860
0 GO TO518 P42 3870
0 512 OELM=OELM-AHMP+AMX(K) P42. 3880
0 513 CONTINUE P142 3890
0 514 CONrINUE P112 3900

8828 AN4IR=AMMP*U( K+ll PH2 3910
D AI4VR=AMI4P*V(K+1) P142 3920
D GO TO 525 PH-2 393C

o510 0ELI4=DELM-AMHP+AMR' IK) P142 3940
3 521 CONTINUE PH2 3950

S522 IF(FS)99059524,523 P142 3960
k 523 WS=U(K)**24V(K)**2 P142 3970

,ETH=ETH-AMMP*lAIX(KI+WS/2.0) P142 3980
IF(AMMP/(TAU(I)*OY(J))-TOZONE)524,524,6901 P142 3990

) 6901 REZ=1.0 P142 4000
) 5-24 AhURxAMNP*U(K) P112 4010

AMVR=AMM1'*V(K) PH2 4020.4 525 SIGMU=SIGMU-AMUR P142 4030
3SJGMV=SIOMV-AMVR P142 4040

52-6 T1C0.0 P142 4050
) 527 IF I AMPP)528,p52 9 p 29 P142 4060
3 528 OELER=AIX(KtI),(U(K+1)**2+V(K+1)**2)/2.0 P142 4070

GO T 537P142 4080
)529 IF(Af'f4Y;530#5319531 P142 4090
3530 OELERODELEB P142 4100

GO T 536P142 4i10
) 531 IF(GAMC(JI)532,533,533 P142 4120
)532 OELER=SIGC"(J) P142 4i00

GO T 536P142 4140
)533 IF(AMPY)535,535,534 P142 4150

534 OELER=OELET P142 4160
GO TO 536 P142 4170

535 OEk=I()(()*2VK*2/. P142 4180
536 TIC=10 0 P142 4190
537 DELEK=DELEK-AMMP*DELER P142 4200
538 IF(TIC)990795399550 P142 4210



125.

2.550 WS=DELER PH2 4220
GO TO 999 PH2 4230

539 WS=AIX(K)+fU(K)**2e+I(K)**2)j2.O P82 4240
S199 IF(DELM)9989543v540 P142 4250
998 IF(AMX(K)*j0 E-6+DELM)990699979,997 PH2 4260
997 DELM=00, P82 4270

GO TO 543 P82 4280
C ENK=TOTAL ENERGY OF CELL (K) + ENERGY THAT
C HAS BEEN ADDED AND LOSI.

540 ENK=AMX(K)*WS+DELEK P82 4290
C BY CONZERVING AXIAL MOMENTA* CALCULATE THE NEW
C AXIAL VELOCITY COMPONENT FOR CELL K.

541 U(KJ=(SIGMU+AMX(K)*U(K)l/DELM PH? 4300
C BY CONSERVING RADIAL MOMENTA, CAI.CULATE THE NEW
C RAGIAL "ELOCITY COMPONENT FOR~ CELL K.

601 V(K)=(SlGkV+AMX(Ki*V(K))/OELM PHZ 4310
IFI I-I)1603*660496604 P82 4320

6604 IF(U(K))6605,u606,6605 PH2 4330
6605 NRC=1 PH2 4340
6606 IF(V(K))66079660896607 P82 4350
6607 NRC=l PH2 4360
6608 IF(AIX(K))66099661096609 P82 4370
6609 NRC~l P82 4380
6610 CONTINUE PH2 4390
603 WS=UIK)**2+V(K)**2 P82 4400

C BY CONSERVING BOTH TOTAL ENERGY AND
C ML]MENTA$? CALCULATE THE NEW SPECIFIC
C INTERNAL ENERGY FOR CELL K.

542 AIX(K)=ENK/DELM-WS/2.O P82 4410
543 AMX(K)hOELM P82 4420

IF(AMX(I:) 9i'C0,2O07q544 P82 4430
2007 AIX(KlhO*O P82 4440

U(KI=0,,O P82 4450
V.KI)0.O P82 4460

P(K)=O.OP82 4470
C THE RIGHT VALUES OF CELL (K) BECOME 1HE LEFT
C VALUES OF CELL (Ki-l).

544 GAMC(J)=AMMP P82 4480
FLEFT(J)=AMUP P82 4490
YAMC(J)=ANVR P82 4500
SIGCIJ )=DELER P82 4510

C THE TOP VALUES OF CELL(K) BELUMiE THE
C BOTTOM VALUES FOR CELL (K+IMAX).

545 AMMY=AMPY PH2 4520
AMMU=AMUT PH2 4530
AMMV=AMVT PH2 4540
DELEB=OELET F'H2 4550

546 K=K4IMAX P82 4560
LL=K-IMAX P82 4570
IF(J(LL) )6500q6600v65&G P82 4580



IC

6500 NRT= I PH2 4590
6600 IF(V(lL))6601,6602b6601 PH2 4600
6601 NFIT=l PH2 4610

6602 IF(AIX(Ll)661.547r66L1 PH2 4620

6611 NRT=I PH2 4630

547 CONTINUE PH2 4640

11=11iNRC PH2 4650
12=12+NPr PH2 4660
IF(IMAX-1116700v670116702 PH2 4670

6700 Il=IMAX PH2 4680

'70i CONTINUE PH2 4690

6702 IF(j?4AX-12)6800t6U01,6802 PH2 4700

6800 12=JMAX PH2 4710

6801 CONI'INUL PH2 4720

6802 GU TO 54; PH2 4730

9901 NK=300 PH2 4740

GO TO 9999 PH2 4750

9900 NK=302 PH2 4760

GO TO 9999 PH2 4770

9903 NK=305 PH2 4780

GO 10 9999 PH2 4790

9904 NK=506 PH2 4800

GO TO 9999 PH2 4810

9905 NK=500 PH2 4820

GO TO 9999 PH2 4830

9906 NK=513 PH2 4840

GO TO 9999 PH2 4850

9911 NK=8833 PH2 4860
GO TO 9999 PH2 4870

9908 NK= 17 PH2 4880
GO TO 9999 PH2 4890

9909 NK= 22 PH2 4900

GO TO 9999 PH2 4910

9910 NK(= 47 PH2 4920

GO TO 9999 PH2 4930

9907 NK=538 PH2 4940
9999 NR=4 PH2 4950

CALL DUMP PH2 4960

548 SUM=0.o PH2 4970

2005 DO 2001 1ZsI=ll PH2 4980

K=II PH2 4990

00 2000 J=1912 PH2 5000

IF(AMX(K)22000#2000,2009 PH2 5010

C IF ANY RHO ICELL DENSITY) IS LESS THAN TOLONEt
C SET THt MASS TO ZERO, AND TALLY THE
C MOMENTAS AND ENERGIES IN IHE Z STORAGE, ALSO
C CHECK FOR NEGATIVE INTERNAL ENERGIES, IF

C WE FIND SOME* SET THEM TO ZERO AFTER
C SUBTRACTING THEM FROM bTH..

2009 IF(AMX(KI/i(TAU(I)*OY(J))-TOLONE)2010,2008,2008 PHZ 5020



127.

2010 WS(U(KJ**24-'(K)**2t/4?.O P112 5030
Zi 100.L=( lO0i+AMX(KI P12 5040
W!PAMX(K)*(AIX(KJ+W5) P12 5050
zit O1)=Z( 101 )+WS P112 5060
EF11=ETtH-WS P112 5070
L( lO2?L(102).AMX(K)*U(KJ P112 5080
Z(103)zZ(103)4.AMX(K~vV(K) P112 5090
AMX(KJ=0.0 P112 5100
AIX(K)=Oo0 P112 5110
P(K)=000 P112 5120
LJ(K)=0.0 P112 5130
V (K ) 0 P112 5140
GO TO 2000 P112 5150

2008 IF(AIX(Kf82004i2000t2000 P112 5160
2004 W'vHSUM+AIX(K)*AJ4X(K) P112 5170

AIX(K)=0.0 P112 5180
2000 KsiK+IMAXf P112 5190
2001 CONTINUE P112 5200
2003 ETH=ETH-SUM P112 5210

L( 104)=Z(104J4+SUM P112 5220
8000 IF(REZ)800hv80012 8002

*8002 XF(RELFCT)8004,,8QO4v8003
8004 REZ=O,,

GO TO 8001
8003 CALL REZ.ONE
8001 RETURN P112 5260

END P82 5270



SISFTC ES LIST,LflCYREF
SUBROUTINE ES ES 0010

C ES 0760
C ES 0900
C METALLIC EQUATION OF STATh, SEE
C GA-3216 REPORT.
C ES 0980

10 RHOW=AMX(K)/(TAU(I)*DY(J)l ES 0990
ETA-RIOW/Z (115) ES 1000
VOWsl.0/ETA ES 1010

11 PI=AIX(K)*RHOW*L(116) ES 1020
12 P2=(Z(115)*TAU(I)*DY(J))**2*AIX(K) ES 1030
13 P3mAtMX(K)**2*Z(1171 ES 1040
14 P4z1(l11)/(PZ/P3+1.0)*AIX(K)*RHOW ES 1050
15 P5=Z(119)*(ETA-1.O) ES 1060
16 MFETA-I.0)5rP,00#100 ES 1t%$7 0
50 IF(VOW-Z(120))55t55v75 ES 1080
55 IFfAIX(K)-Z(122)f100tl00f75 ES 1090
75 P7=Z(123)*(VOW-1#0) ES 1100

IF( P7-88*0)4002,4002,4003 ES 1110
4003 P7-88.0 ES 1223
4002 CONTINUE ES 1130

P8=EXP(P7) ES 1140
P9=1.0/P8 ES 1150
P1O=Z( 124)*( 4V0W-1.0)**2) ES 1160
IF( P10-88.0) 4000,4000*4001 ES 1170

4001 P10=88.0 ES 1180
4000 CONTINUE ES 1190

P11=EXP(PIO) ES 1200
P12=100/PI 1 ES 1210
PIKI=Pl+(P4+P5*P9)*PI2 ES 1220
GO TO ).19

100 P6zZ(126)*((ETA-1.,0)**2) ES 1230
P1K )=PI*P4+P5+P6 ES 1240

119 IF(P(K))999,999t2Q0 ES 1250
200 WSGX=.5 ES 1260

GO TO 500 ES 1270
999 P(K~zo,0 ES 1280

WSGX=.5+Z(125) ES 1290
GO TO 500 ES 1300

500 RETURN ES 1310
END ES 1320

ISIBFTC ES LISTiDECKvREF
k SUBROUTINE ES ES 0010
JC ** POLYTROPIC EQUATION OF STATE **ES 0980tP(KI=AMXIOK1*A1XIK)/GAMX/(0Y(J)*TAIJII)) ES 0990

WSCX=GMAX-1.0 ES 1000
RETURN ES 1010fEND ES 1020



SoIBFTC RE2CdZtOrcL,
$3JL$(, r ? I Z~~d:RELOOO10

C ~REL0098(J
C CON50tVE MCLMUNIM ANU TOTAL Ern ikPY 1 1CPEASE
c ALI. LINEAR h)IME141IUNS f-,Y 2. (THUSIJ 4 CELLS
C IN THf, (,IL; GRIO ARE.f COMBINEt IV( 11 FOP
C THE~ NEW GRID,)

N IMA X: i MAX /2 REL 00990
AY~~AX'2RELOIOOO

DC 0 t9 zj,,tIMAX REZOI0lO
K~( I ~UIMA4.~REZ01020
L=(J-1~~4YPEZ01030

DO 11 1=.JMXREZ01040
14= .4, 1 MAX RFI~OL050

12 WSt.:AMX(LJ 4AMX0-Mi+AMX(I% '1)f sA'Y41)4 R1Z01060
wSBn'4MXft.) #(U(L l*42tV(L )*?t 4A14X(MI*'U( MI REL01070

~ REZO118O

VX'XK)=A (L)*AD4%(L1M)#A(M)+'/1,(L4-1IAM/.(+1) REZU1140

lAMX(L-s-lAMX(M4+11/AlX0/f1) RELOll50
A14X (K i zkýA PEZ0116O
W!,-U(K I**2+V(Ki44'2 .EZOII 70
E.=AlX(KJ+WSB/2,0 REZOI1bO
AZ.( K!=E/AMX(K)-, 54WS REZ0119'J
IFiK-2'114.144,3 PEZ01201

C SET LELL 4QuANIMEr1L OF A.V GPI) TiJ MEI.).
L3 AMX(L*.0. PEL 01210

U(L~zoAo REZ 01220
VI L )=0-C PE101230

P(LIZO0O REL01250

AMX (1$-0.0 RE101260
v(41=0-0 REL01270
V(M);.O,0 RE101280
AI)CfMI=0.0 REZ01290
pl~oMz0, REZO1300
AMX( L~-1 10.0 REZ01310
IJ(L+lh=O.O REZ01320
M4,lizol?.X0 REZOI330
A1Y( L4-ll=.0 REZ01340
P(L$11=0.0 REZ01350

AMX(M~15-10.0 RE101360
Ut M-" 1)=0'0 REZ01370
Vi M4l-1) =0,0 REZ01380
AIXCM+11h0.O REZO1390t

P(I4J'Ll0.0REL01400



14 (KsK1 REi01400
LsL.2 RE101420

It COdTIrip. REZ 01430
10 CONINTtUE REZ01440

C CALCULAft NEW DY Af~f) Y (J,. 11F TH6I4E,~
18 Do 999 J=1,JMAX REL01450

DY(JjDY(J*2,0REZ01460
999 CONTINUE REZ01470

00 99 Jzl,,JflAX R1t8
Y(JJzY(J-1?4-DV(J) 

RM 8

99 COTI~uEREZ01490
99 COTINUEREZ01500

16 DX(1)=2.0*tIX(1J IREZ01510

WSmXf1)**2 
REZ01530

TAIJ( lzPlDY**S 
RE101530

SC CALCULATE NJEW DX AND X, ANDJ TAU(II4AX Of THEMf) RZ14

17 D0 98 1=2-&ZNAX REL01550
X( IizA 1-1)*V j)REL01560

DX(IhO(IP REL01570
WSA=XtI)**2 IO18
TAU(I'=PlDY*(lsSA-4SJ 

RF-LO1580

WS=WsA~ REL01590

98 CON T~J REZ01610
1DlAX=NItMY RZOA2
~JM'AX=NIMhAX PELLJ1630

C PREPAPE NOsK TO SHUIFFLE tfHE K A~RkAY' SUCH
[c. AS TOJ PR~ESERVE K=(J-1!Vl*!4 AY.141.

Da ZZEZC$164O
J=JJ~A*1-N REZ01650
K=(JI1*IAX~lIMXR~EZ01660
LU-1*(1JAX4-14AA+I.1~LXREL01670

DO 21 1=1-.14AX REL01680
1000 AMI%(Lh)APX(I) kEZ01690

AIX(Ll=AJ~tKJ iEZ0l700

,J(L)V(I~lREL01720
P(L)=(K) EZ01730

LF(J-1 11002rl100211001 P-EL0 1740
S1001 AMX(K=O.O REZ01 750
k ~AIY.(K)z0,,0 RZ16

V(0=0.0 
EZ01760

PfK)=O~ 
RZ078

S1002 
R(K- EL01790

21 CONT INUE RE201820
20 CONTINUE R'EZC1830

IMAX=tNIJAX*2 fREZ01840

IJsNIMAX+1



C. ADDL Oh hIEW MASS W I THD Lsil4 17Y-9Z iI If [ ii TARýET
i1)u 5'1 1zFNIHJAX

00 60 Jx.,JvJi4AX
AMAYdiK'111Il*TAU([ J*DY(JJ

40 xzK+lmA/X
50 CcM01T 11WJE

JJJJj+j

00 61 1=1I,JIMAX
9 1+1+(JJ--1)*ImAx
00 62 iJzJjvJAX
AMX(KhrZ(111)*lAU( I 1*iY(J)

62 KzK~fv.AX
61 C0UT141 UE

c RESET ACTIVE GRIO MARKERS.
JJ=Jj- I
Z( 147)=JJ
11lzhI[MAX42 REOZ0240
IZ=NJ04AX'2 REZ02050
WS=l+DTPiA RtEZ02060
U4K -;Jc.+ 1 REZ02070

c EDIT THEL UEio GRID.
%RITE I6o8004)0S,1fKvDX(1) REZ02O80
WA17E RELD2090
Wr~iiE ib80biJ04A~vf4,PJ1)#=,j7AAi RtEZOZoo
WRITE (618009JIMAX,(DX(I),I=I,IhAX) REZ02I1.0
WRITE (6,v8O0S0J9AX,(0Y1J)*,41,1MAA) RELO2120
WRITE 16,8C11)IMAX.(TAUti)-yIz1.II4AX) REZ02130
KMAX-1 MAX*J9XAXf 1 EL02140
IMA/AAr iJIAX*1 REZ02 150
JMAXA=JMAX+ 1 REZO2i60
XMAXA=KMAX+1 REZ102170
RETURN REZ02180

80040FORMAI(III 11112211 PROBLEM RELONED AT T=1PE12.6,6A.5t1CYCLtj4,6X,311OREZ02190
IX-EI2,6I1/)1 REZ02200

8007 FORMATMlt /10H1 X(I) tzOp!2,f(5F16*6)* REZ02210
8008 FORMAT'ILH1/10H1 YiJJ J=0917/15FL6.6)) REZO22Z'3
8009 FORM4ATS 1.H /11H1 DX(II 1=102/f5F16.61) REZ02230
8010 FORt1AT(lI4 111M DYIJ; Jzl12/(51ý16.b)) RPEZ 02240
8011 FORIIAT1H /13H1 AREA~l) Iz1I2l/(F16.6,4FI8#6f1

END REZ02260



ýIBFTC EDIOIT V - K R FE IT 001 0
SubOUJrIME EDIT 

EI09
EDIT1000

SENSE Lik fll) khDICAIES LAST CYCLE Z;F THIS

SENE LITE 93) IUDICATES FIRST CYCLE OF THill

104 CALL SL1TETf3vKOOOFX) ED! 104O-5
GO TOI 106v108PK000FX EDITIO05~

i 0 ' CALL SLITE 13) EDIT1060
GO TO 126 EI17

108 IFICYCLE-CSTUP11IO,1Z22122 EDITlOSO
110 '%FfREZ)99(J1v1l2#124
112 iF(AM0O(CVCL~iDOUPr7)ti4,124,114 ED11I100
114 IF1AM~uu1CYCLiEPRINSTL1f1Z0,Z6126,Z
120 IFf A10D (CYCLE #PRINT1SJ)140t 128v 140 ED! 11150

NORMIAL STOP ONt THIS CYCLE.
122 CALL SLITE (1) EGITI16*)

DUMP ON TAPE 7.
124 6O TO I ED1,11llO
126 CALL SLITE (4) EOIT118o
128 60 TO 6000 EDIT1190
130 6O TO 1000 EDIT 1200
132 CALL SLITET(4*KOOOFX) EWITIZIO

GO TOf134v136?,K000FX &DI T1220
134 GO TO 5000 E01T1230

CHECK FOR ENERGY CHECK ECsC'b( 4HEREI
ECKa PERCENT ERRORIPER CYCLE.
ECK=(EfH-EI/ETH AT CYCLE !-4ETt$-EP/ETI
AT CYCLE fi-hPC ALL DIVIDED BY UPCv NOTE
?4PLs UO. OF CYCLES BETWEEN EJhEkGY UHECK

136 1F;AdSfECKi-0hI1i)I40,l40,0905 EDIT 1240
140 CALL SLITET[1tK0OOFX) EDfT125Q

WO TO(142#1,441*K000FX ED! T1260
.142 REWIND 7

CALL SLITE (1) E0111280
144 GO TO 10000 EDIT11290

IED111300
EDIT1310

DUMHP Ott I APE 7 E0111320
1 IFiDUFMPT7f3O,3i73 F0IT111"
3 BACKSPACE 7

REWINID 2
REWIND 3

IIS-555.0 E0IT1360
WRITE i 1JWStLYCLEv143
WRITE ( 7)1L(LJ,Lz1*NZ)

6 WRITE i 7)lUEK),V(K),AD9XIKI,~AIXW3,P(K),Ks,%MogAXA)I I WRITE IT)Xf0)#dXfK)#TAdJ(K)vKz1,!DEAX



C AGAi4, IF EppLiLE lia3. IS 411lIV, )0!TE
C PARTICLE lkkCOIPJý'SIf Tisa 7,

16 00 13 1=1,1ý3 EDYIT143*I

PEAV
'Go fu) 252

150 COO* I I)WE
REA& I

152 CUUT fivok

i8 C 6JIT tj E~, E91 T1460
4 REs*1$&) 2

REU114i0 3
ogS=666. D~ EDIT148I0
'WRITE I *45s
49f'7E f6s81Z2fl1C Ei' 111500

30 GO TO 126 EDI1515W

'C W 15~30
6C~oc 49K= 1 EID !1540

C TAO!S AýkE TIJIGEWIj ALPq;A4p
W:411=202 fDf1559

TAbf{2l=Cr-.4 £011T1560

TAiB 4I=0.105 EVIT16 2

1A6 1 =G~.20 EI11

Ub(i =0.3 EDIII630
TAB 10 1-p9.~4 DI10
TAbil1flx0.5 ED I I16510

6010~ DO 6012 I1=,i8 £0111670
6012 PRD1=1 1lf600

00 6014 1=1*1~$K1 EDITI700

M~j=0.0EDIT1720

6017 PRt II =?,0 EVIT1763

c CALCUJLATE KMiE11C Mg~El M CELL K.

6019 MA9XMKIJ9'47#6028t63ZO E014TI790



r9I IwIDT11

c. SEAkC4?s FSD T.AUl ~A3LE 1"X 1ELL~il i'E-CTWS

602-4 M&UT INU EIT13540

UMtS UP VASS SEVAEE~l 4liLfS.
6,027 *AiC6 I I =X. I I *MX K

SUM4 UP %ý4IALM ,PnmEt.UVA 10 THE 41LE
lPK( 13=P~lI )4*JlK*AZW((. ED i 1890

C SUM LP AXIAL zK4EN1FA Irk 7"iE AnG~LEi.

Si cg p TOTAL INITElRML EAUERIC&Y
PX153=Pl53.AAiK)*4JAlK; E9119no

c SU UP TOTAL IPNETIC EU~ERG~T
PA16=P*()#iS&*A'N~f) EIT1920

C. SUM UP TOTAL MfASS

6028 CGWT 16VUEE0194
P%( 3)=P~l)iY*ft2j EDI1r95,O
Pki7139,5 APpf6 $ E9171960
AxR~&=P.R 73 E0171970

PI03=P(23*P(63 I T19W

IF ICYCL f 9931 vSY31 # 9932
9931 #fPC,.1
9932 PR 11 SO I UA-W40/F L041A UK

IECK=PR I I1 &I~
fak-iift, EIT205

c RESET CYCLE COMTTEiR bfEJ~Ef EiVERG1 ~CHE.'o

SUR=0O EDIT2O07

W3 800 1=1913 W0I 7208
SUM--"*QII I EI T2090

800 CGISTU0E EGITZIOO
ic RADET= TOTAL P0S$ITjYE &AZAL NOMEOUITQJM 111 GRID

RAOET=Sm EUfT2llO
Sol UMO.O EITZ120

co 810 9=2,IA.x WI T2130
JF4ARxl~j381o.810,302- EDI 21410I802 IFlU6KP)1380v810*S03 FE01T2150

903 SRS*'X~*(3EDIfT2160
8 10 CWE71JME ED1T2170



Il' I'

4 I -11. . 4 3tMeDI Z *I1 lt tfi.1M "
191 0A Ella r 22 7

ialR CfW79 nE la~2

"MF: 5( ITJ 44 K, Li 9. IT D~ '4l 9 44 ltŽŽCq4 LLL-o

EA r 171-729 )

PW 0= .Cilnl33.l

PA ý ifljU IT23 0

oW~~~~~D U l".-T 3
MJ.j7E9I eVigRj*aa" 4k ElD IT 2!3 !5

*Rl i iW EAt4 a-vlL2=Di 0 l:rtnUluUI W244M,

6C,9ý0 z 7 G135,E~IrI !4nm
EW4~ OF -tri42

EIi ' 4+ L
~~~~~~'lL -924441VR ? l UTiD~

Go6 IT Ezl U1~ EI T2~

ISC,4V2E 161, It flt69$iF " EL.- Ti 21 7?-
J4AJY=,,'UTI 6E~~Xl 11 : 1- 2.4-411



T36 IJ
1160 PR(I)=OR(PR(1), ABS( 922746880) EOIT2650

GO TO 1180 EDIT2660
C REPLACE 6000000000 BY 805306368 EDIT2670

1166 PR(I)=OR(PR(I)t ABS( 805306368) ) EDIT2680
1180 CONTINUE EDIT2690
1200 IF(MOD(J*5))1210,1204Y1210 EDIT2TOO
1204 IF(DY(J)-DY(J-1))lZ0691208#1206 EDIT2710
1206 WRITE (6t82l1)DY(J),Jt(PR(I),I=lI1) EDIT2720

GO TO 1224 EDIT2730
1208 WRITE (6,8201)J,(PR(l)vI=II1) EDIT2740

GO TO 1224 EDIT2750
1210 IF(DY(J)-DY(J-1))1 5 12,1214,1212 EDIT2760
121? WRITE (6,8222)DY(Jhv(PR(I),I=1,I1) EDIT2770

GO TO 1224 EOIT2780
1214 WRITE (6t8202)(PR(I),I=zlI1) EDIT27qo
1224 J=J-1 EDIT2800
1226 IF(J)1230,1230,1100 EDIT281O

C REPLACE 604000000000 BY-17716740096 EDIT2820
1230 PR(l)=(-ABS(-17716740096)) EDIT2830

WRITE (6,8201)J,(PR(1),I=1,Il) EDIT2840
WRITE (6,8302)(I,I=0,IMAXt5) EDIT2850

1240 GO TO 132 EDIT2860
C**** END OF PLOT SUBROUTINE **************** ***,****** ********ED1T2870
C EDIT2880
C EDIT2890
C**** SUBROUTINE L P**************************DI20

5000 WRITE (6t8116)PROBtNCTDTNATRADDTRADNRtNlN2,N3,N4 EDIT2910
5004 DO 5050 I=1,11 EDIT2920

CALL SLITE (4) EDIT2930
J=12+1 EDIT2940
K=I2*IMAX+I+I EDIT2950
00 5046 L-19I2 EDIT2960
J=J-1 EDIT2970
K=K-IMAX EDIT2980

5012 IFlAMXiK))9917,5046t50l4 EOIT2990
5014 CALL SLITET(4*KOOOFX) EDIT3000

GO TO(5016#5019)LKGOOFX EDIT3010
5016 WRITE (6,8135)liX(I)tOX(l) EDIT3020

C WS= DENSITY OF CELL(K) IN GRAMS/CM. CUBED.
5019 WS=AMX(KI/(TAU(I)*DY(J)) EDIT3030

C WSA= COMPRESSION = RHO/RHO NOT.
WSA=WS/Z(111) EDIT3040

C WSC= PRESSURE CONVERTED rO MEGABARS.
WSC=P(K)*IE+4 EDIT3050

c FIRST COLUMN= (J) THE ROW NO.
C SECOND CG.UMN= RADIAL VELOCITY CM&/SHAKE
C THIRD COLUMN= AXIAL VELOCITY CMo/SHAKE
C FOURTH COLUMN= F/A = PRESSURE IN MEGABARS
C FIFTH COLUMN = AMX = MASS IN GRAMS.
C SIXTH COLUMN = RHO = DENSITY IN GRAMS/CC.

I



C SEVENTH COLUMN = AIX = SPECIFIC INTERNAL ENERGY JERKS/GM.
C EIGHT COLUMN = COMPRESSION = RHO/RHO NOT
C NINTH COLUMN = Z VALUE (CM.) OF TOP OF CELL)

50180WRITE (6,8108)JU(K),V(K),WSCtAMX(K), wSvAIX(K)tEDIT3060
1WSAvY(J) EDIT3070

5046 CONTINUE EDIT3080
5050 CONTINUE EDIT3090

GO TO 136 EDIT3100
C**** END OF L P SUBROUTINE ****** ************* ****EDIT31L0
C EDIT3120
C EDIT3130
C ERROR EDIT3140

9901 NK=110 EDIT3150
GO TO 9999 EDIT3160

C ENERGY CHECK EDIT3170
9905 NK=136 EDIT3180

GO TO 9999 EDIT3190
C NEGATIVE MASS EDIT3200

9917 NK=6015 EDIT3210
GO TO 9999 EDIT3220

9920 NK=904 EDIT3230
GO TO 9999 EDIT3240

9921 NK=912 EDIT3250
GO TO 9999 EDIT3260

9922 NK=918 EDIT3270
GO TO 9999 EDIT3280

9523 NK=922 EDIT3290
GO rO 9999 EDIT3300

9924 NK=926 EDIT3310
9999 NR=6 EDIT3320

CALL DUMP ED1T3330
10000 RETURN EDIT3340
C EDIT3350
C FORMATS EDIT3360

8108 FORMAT(l3tlXlP2EI4.6,3EI5.6,E14.-6E15.6,E14.6) EDIT3370
816OFORMAT(8HIPROBLEM6X,5HCYCLE9X,4HTIME13Xv2HDT13X,4HTRADLIX ,5HDTRADIEDIT3380

12X1 2HNR6XZHN14Xt2HN24X,2HN34Xt2HN4/(FI.1,11,I2XIP4E16.7tIO,2X,4EDIT3390
216)) EDIT3400

81170FORMAT(IHO//17X2HAI16X,2HAK14X95HAI+AK15X,2HAM/4H DOT3XIP4EI8.7/3EDIT34I0
1H X4X,4E18.7) EDIT3420

81180FORMAT(12Xt13H ------------- 5X,13H ------------- 5XP13H ------------- 5EDIT3430
lXv13H ------------- /7H TOTALS1P4El8.7) EDIT3440

81190FORMAT(2HO //16X,5HRADEBI3X,5HRADER13X,5HRADET12X,7HMAX VEL13X,3HTEDIT3450
1HE12X99HREL ERROR/7XlP6E18.7////) EDIT3460

8120 FORMAT(IHO//21H TAPE 7 DUMP ON CYCLE15////) EDIT3470
81240OFORMAT(3H K12Xt5HAM(K)lIXt9HSUM AM(K)IIX,4HP(K)13X,4HQ(K)/(13,4XEDIT3480

LIP4E18.7)) EDIT3490
8131 FORMAT(IH ///I1H DY(J) J=I1t2//(l0F12.31) EDIT3500
8133 FORMAT(1H ///IIH YVJ) J=0v12//(0F12*3)) EDIT3510

S 81350FORMAT(IH ///4H I =13j6X,6HX(I) =F12.3#6XvHDX(I) =F12.3//3H J8XEDIT3520



136.

ILHX.3X,1HY13X,3HF/Al2X,3HAMX12X,3HRHO1IX,3HAIXlZX,4HCONP1IX,2H Y/iED1T3530
8201 FORMAT(110v2H 154A2) EDIT3540
8202 FORMA1(OX92H 154A2) EDIT3550
8211 FORMATIF7oI.I392H 154A2) ED1T3560
8222 FORMAT(F7.193X,2H 154A2) EDIT3570
8302 FORMAT(112#10I10) EDIT3580
83OIOFORMAT(5H XI zIPE12.6,3Xv411X2 =Ei12.6v3Xt6rfXM1AX =E12,6i,6XvMIYL -E2ED173590

1.6t3X,4HY2 =El2.6#3X,6HYNAX =EI2,6) EIFT3600
8308 FORMAMfi I ED'iT3610
9040 FORMAM(H /616) EDIT3620

END EDIT3630
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